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ERRATA. 

Corrections  to  BirMonthly  Bulletin,  No.  15,  May,  1907. 

Page  547,  lines  11  and  12.  For  "Sutter  creek"  read  "the  South  Fork  of  the 
American  river,  at  Coloma,  35  miles  from  Sutter's  Fort." 

Page  Ixiii.  Insert  in  list  of  representatives  of  engineering  and  scientific  socie- 
ties, "Osterreicher  Ingenieur-  und  Architekten-Verein,  George  W.  McNulty." 
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SECTIOV  I.-IVSTITnT£  AVVOITHCEMEHTS. 

This  section  contains  announcements  of  general  interest  to 
the  members  of  the  Institute,  but  not  always  of  sufficient  per- 
manent value  to  warrant  republication  in  the  volumes  of  the 
Transactions. 

8SGTI0H  n.-TECHHICAL  PAPEB8  AHD  DISCUSSIOHS. 

[The  American  Institute  of  Mining  Engineers  does  not 
assume  responsibility  for  any  statement  of  fact  or  opinion 
advanced  in  its  papers  or  discussions.] 

A  detailed  list  of  the  papers  contained  in  this  section  is  given 
in  the  Table  of  Contents. 

For  the  convenience  of  persons  who  desire  to  file,  or  other- 
wise use  separately,  the  technical  papers  in  Section  EE.  of  the 
Bulletin,  each  of  these  papers  has  been  paged  and  wired  by 
itself;  the  whole  collection  being  held  together  by  a  single, 
heavy  wire,  upon  the  removal  of  which  it  will  fall  apart  into 
individual  pamphlets,  substantially  like  those  formerly  issued. 

A  small  stock  of  separate  pamphlets,  duplicating  the  tech- 
nical papers  given  in  Section  11.  of  this  Bulletin,  is  reserved  for 
those  who  desire  extra  copies  of  any  single  paper. 

Comments  or  criticisms  upon  all  papers  given  in  this  sec- 
tion, whether  private  corrections  of  typographical  or  other 
errors  or  communications  for  publication  as  "Discussions,"  or 
independent  papers  on  the  same  or  a  related  subject,  are  earn- 
estly invited. 

All  communications  concerning  the  contents  of  this  Bulletin 
should  be  addressed  to  Dr.  Joseph  Struthers,  Assistant  Secre- 
tary and  Editor,  29  W.  39th  St.,  New  York  City  (Telephone 
number  4600  Bryant). 


OFFICERS. 

For  the  year  ending  February,  1908. 

Cottiuii* 

President  of  the  Council. 

JOHN  HAYS  HAMMOND New  York,  N.  Y. 

(Term  expires  February,  1908.) 

Vice-Presidents  op  the  Council. 

HENRY  M.  HOWE New  York,  N.  Y. 

J.  B.  GRANT Denver,  Colo. 

JAMES  D.  HAGUE New  York,  N.  Y. 

(Term  expires  February,  1908.) 

SAMUEL  B.  CHRISTY Berkeley,  Cal. 

JOHN  A.  CHURCH New  York.  N.  Y. 

PERSIFOR  FRAZER Philadelphia,  Pa. 

(Term  expires  February,  1909.) 

Councilors. 

A.  A.  BLOW Washington,  D.  C. 

FRANK  LYMAN.. New  York,  N.  Y. 

T.  A.  RICKARD Berkeley,  Cal. 

(Term  expires  February,  1908.) 

THEODORE  DWIGHT New  York,  N.  Y. 

WALTER  WOOD Philadelphia,  Pa. 

WM.  FLEET  ROBERTSON Victoria,  B.  C,  Can. 

(Term  expires  February,  1909.) 

B.F.  FACKENTHAL,  Jr Easton,  Pa. 

H.  O.  HOFMAN Boston,  Mass. 

WALTER  R.  INGALLS New  York,  N.  Y. 

(Term  expires  February,  1910.) 

Secretary  of  the  Council. 

R.  W.  RAYMOND,  29  W.  39th  St New  York,  N.  Y. 

(Term  expires  February,  1908.) 

.     Assistant  Secretary  and  Editor. 
JOSEPH  STRUTHERS New  York,  N.  Y. 

(Corporation. 

JAMES  GAYLEY,  President ;  JAMES  DOUGLAS,  Vice-President ; 

R  W.  RAYMOND,  Secretary ;  FRANK  LYMAN,  Treasurer  ; 
JOSEPH  STRUTHERS,  Assistant  Secretary  and  Assistant  Treasurer. 

Directors. 

JAMES  DOUGLAS,  JAMES  F.  KEMP,  ALBERT  R  LEDOUX. 

(Term  expires  February,  1908.) 

THEODORE  DWIGHT,  CHARLES  H.  SNOW,  R.  W.  RAYMOND. 

(Term  expires  February,  1909.) 
JAMES  GAYLEY,  CHARLES  KIRCHHOFF,  FRANK  LYMAN. 

(Term  expires  February,  1910.) 

Consulting  Attorneys,  Blair  &  Rudd,  New  York,  N.  Y. 

*  Secretary's  Note. — ^The  Council  is  the  professional  body,  having  charge  of 
the  election  of  members,  the  holding  of  meetings  (except  business  meetings),  and 
the  publication  of  papers,  proceedings,  etc  The  Board  of  Directors  is  the  body 
legally  responsible  for  the  business  management  of  the  Corporation,  and  is  there- 
fore, for  convenience,  composed  of  members  residing  in  New  York. 
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THE  TORONTO  MEETING. 

As  already  announced,  the  XCIIId  meeting  of  the  Institute 
will  be  held  at  Toronto,  beginning  July  28,  1907.  Hotel 
Headquarters  will  be  at  the  King  Edward  Hotel,  in  which  also 
the  sessions  will  be  held.  The  Queens,  Rossin,  Wallen,  Iro- 
quois and  Palmer  are  good  hotels  not  far  from  the  King 
Edward.  Members  must  secure  their  hotel-accommodations 
beforehand,  by  direct  correspondence  with  the  hotel  they 
select.  For  those  who  neglect  this  precaution,  the  Local  Com- 
mittee will  doubtless  do  what  it  can,  but  is  unable  to  promise 
anything. 

Correspondence  concerning  this  meeting  (including  notices 
of  intention  to  attend  it)  should  be  addressed  hereafter  exclu- 
sively to  Mr.  W.  G.  Miller,  Provincial  Geologist,  Bureau  of 
Mines,  Toronto,  who  is  the  representative  of  the  Local  Com- 
mittee. 

The  excursion  to  Cobalt,  Lake  Tenagami,  Sudbury,  etc., 
arranged  by  that  Committee,  involves  the  use  of  a  special  Pull- 
man train  for  meals  and  lodging.  After  waiting  a  reasonable 
time  to  hear  from  members,  the  Local  Committee  has  made 
its  contract  for  Pullman  cars.  According  to  its  latest  report, 
there  was  still  room  for  additional  excursionists.  Under  this 
head,  application  made  immediately  to  Mr.  Miller  may  not  be 
too  late. 

Sessions  for  the  presentation  of  papers,  etc.,  will  be  held  at 
the  King  Edward  Hotel  on  Tuesday  afternoon,  July  23,  and 
Wednesday  morning  and  afternoon,  July  24.  The  following 
papers  have  been  accepted : 

1.  Some  Reflections   on   Secrecy  in  the  Arts,  by  James 
Douglas,  New  York,  N.  Y. 

2.  The  Wilfley  Table,  by  R.  H.  Richards,  Boston,  Mass. 

3.  The  Tar-Sands  of  the  Athabaska  District,  by  Robert 
Bell,  Ottawa,  Can. 

4.  The  Occurrence  of  Nickel  in  Virginia,  by  Thomas  L. 
Watson,  Blacksburg,  Va. 

5.  Coal-Briquetting  in  the  United  States,  by  E.  W.  Parker, 
Washington,  D.  C. 
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6.  The  Temple-IngersoU  Electric-Air  Rock-Drill,  by  W.  L. 
Saunders,  New  York,  N.  Y.     (IlluBtrated  with  lantern-views.) 

7.  Notes  on  the  Cobalt  and  Sudbury  Mineral  Areas,  by 
Willet  G.  Miller,  Toronto,  Can.  (Illustrated  with  lantern- 
views.) 

8.  Geology  of  the  Virginia  Barite-Deposits,  by  Thomas  L. 
Watson,  Blacksburg,  Va. 

9.  The  Effect  of  High  Litharge  in  the  Crucible-Assay  for 
Silver,  by  Richard  W.  Lodge,  Boston,  Mass. 

10.  Physical  Factors  in  the  Metallurgical  Reduction  of  Zinc 
Oxide,  by  Woolsey  McA.  Johnson,  New  York,  N.  Y. 

11.  Zinc-Oxide  in  Iron-Ores,  and  the  Effect  of  Zinc  in  the 
Iron  Blast-Purnace,  by  John  J.  Porter,  Cincinnati,  Ohio. 

12.  Chronology  of  Lead-Mining  in  the  United  States,  by 
Walter  R.  Ingalls,  New  York,  N.  Y. 

13.  The  Promontorio  Mine,  by  Francis  C.  Lincoln,  New 
York,  N.  Y. 

14  Blow-Holes  in  Steel  Ingots,  by  E.  von  Maltitz,  South 
Chicago,  HI. 

15.  The  Evergreen  Copper-Deposit,  by  Etienne  A.  Ritter, 
Colorado  Springs,  Colo. 

16.  Pure  Coal  as  a  Basis  for  the  Comparison  of  Bituminous 
Coals,  by  W.  F.  Wheeler,  Urbana,  111. 

17.  Quantitative  Field-Test  for  Magnesia  in  Cement-Rock 
and  Limestone,  by  Charles  Catlett,  Staunton,  Va. 

18.  The  Production  of  Converter-Matte  from  Copper-Con- 
centrates by  Pot-Roasting  and  Smelting,  by  George  A.  Packard, 
Boston,  Mass. 

19.  Biographical  Notices  of  1906. 

20.  The  Panoramic  Camera  Applied  to  Photo-Topographic 
Work,  by  Charles  W.  Wright,  Washington,  D.  C. 

21.  Notes  on  the  Present  Source  and  Uses  of  Vanadium,  by 
J.  Kent  Smith,  Pittsburg,  Pa. 

22.  The  Mines  of  San  Juan  Depomuceno  del  Doctor,  by  T. 
D.  Murphy,  Mexico  City,  Mex. 

23.  Discussion  of  Paper  by  H.  M.  Howe  on  Piping  and 
Segregation  in  Steel  Ingots,  by  Alfred  C.  Lane,  Lansing,  Mich. 


Of  these  papers,  Nos.  1  to  7  will  probably  be  presented  in 
full  or  in  oral  abstract  by  their  authors. 
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COMPLETE    ANALYTICAL    AND    ALPHA- 
BETICAL INDEX  OF  VOLS.  I— XXXV., 
INCLUSIVE,   OF   THE  TRANSAC- 
TIONS OF  THE  INSTITUTE. 

This  volume,  in  the  preparation  of  which  all  former  annual 
or  collective  indexes  have  been  not  only  compiled  but  revised, 
is  published  for  the  special  benefit  of  all  who  do  not  possess 
complete  sets  of  the  Transactions. 

And  it  is  published  at  this  particular  time,  as  part  of  a  plan 
by  which  it  is  hoped  that  the  Library  of  the  Institute,  which, 
through  liberal  donations,  has  become  unexpectedly  compre- 
hensive and  valuable,  may  be  made  useful  throughout  the 
world. 

Thus,  any  person  possessing  this  Index  can  ascertain  at  once 
what  has  been  published  in  the  Transactions  on  a  given  ques- 
tion, and  can  learn,  by  writing  to  the  Secretary,  what  is  its 
nature,  whether  it  is  still  to  be  had  in  pamphlet  form,  where 
it  can  be  consulted  in  a  public  library,  at  what  cost  it  can  be 
copied  by  hand,  etc.,  etc. 

In  short,  to  those  who  own  complete  sets  of  the  TVansac- 
tianSy  this  Index  will  be  a  great  convenience ;  but  to  those  who 
do  not,  it  will  be  a  professional  necessity. 

The  edition  now  in  press  is  limited,  and  orders  received  will 
be  supplied  according  to  date. 
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LIBRARY. 

RULES. 
American  Institute  of  Electrical  Engineers. 
American  Society  of  Mechanical  Engineers. 
American  Institute  of  Mining  Engineers. 

Open  on  all  week  days  from  9  a.m.  to  5  p.m.  Only  mem- 
bers of  the  above  Societies,  and  others  duly  introduced  by  the 
Secretary  or  other  authorized  officer  of  one  of  those  Societies, 
will  be  permitted  access  to  the  alcoves  or  other  spaces  inside 
the  rail. 

For  the  protection  and  convenience  of  members,  the  follow- 
ing rules  have  been  adopted : 

The  Secretary  of  each  Society  will,  upon  application,  issue 
to  any  member  of  his  Society  in  good  standing  a  personal,  non- 
transferable card,  entitling  him  to  the  use  of  the  Libraries  in 
the  alcoves  of  the  Reading  Room. 

This  card,  as  well  as  any  card  of  introduction  given  to  a 
non-member,  must  be  signed  by  the  person  receiving  it,  and 
surrendered  at  the  desk  at  the  time  of  its  presentation.  At 
every  visit  he  must  identify  himself  by  signing  his  name  in  the 
registry. 

The  above  rules  apply  to  all  persons  except  officers  af  the 
three  Societies,  personally  known  as  such  to  the  librarians. 

The  librarians  are  not  permitted  to  lend  to  any  person  any 
catalogued  pamphlet  or  volume,  unless  authorized  in  writing  so 
to  do  by  the  Secretary  or  Chairman  of  the  Library  Committee 
of  the  Society  to  which  the  pamphlet  or  volume  belongs. 

Any  person  discovering  a  mutilation  or  defect  in  any  book 
of  the  libraries  is  requested  to  report  it  to  the  librarian  on  duty. 

Accessions. 

From  May  1  to  July  1,  1907. 

Amalgamated  Society  of  Engineers,  London. 

Amalgamated  Society  of  Engineers.   Annual  Report^  56tk 
8vo.     London,  1907. 
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H.  C.  Beeler. 

Prospecting  in  the  Black  Rock  Long  Greek  Vicinity  near  the 
Sweetwater  River^  Fremont  County^  Wyoming.     12  p.  map. 
8vo.     Cheyenne,  1907. 
H.  T.  Blake,  New  Haven,  Conn. 
Medallion  of  Mi  Whitney  Blake. 
Boston  Society  of  Civil  Engineers. 

Boston  Society  op  Citil  Engineers.    List  of  Members^ 
1907.     8vo. 
Bennett  H.  Brough. 

Brough,  B.  H.  a  Treatise  on  Mine-Surveying,  Ed.  12. 
xvi,  372  p.  pi.     8vo.     London,  1906. 

[SECRirrARY's  Note. — ^The  first  edition  of  this  well-known  text-book  appeared, 
I  believe,  in  1888,  when  the  author  was  still  instructor  in  Mine-Surveying  at  the 
Royal  School  of  Mines  in  London.  A  few  years  later  he  left  this  position  to  as- 
sume that  of  Secretary  of  the  Iron  and  Steel  Institute,  which  he  has  occupied  ever 
since,  with  great  credit  to  himself,  and  corresponding  benefit  to  the  illustrious 
society,  the  publications  of  which  he  conducts.  The  position  of  Secretary  and 
executive  manager  of  such  an  organization,  not  less  (perhaps  even  more)  than 
that  of  a  technical  instructor,  keeps  a  man  in  touch  with  both  the  literature  and 
the  practice  of  many  branches  of  engineering,  and  especially  with  that  which  he 
has  previously  made  his  specialty.  It  is  not  surprising,  therefore,  that  Prof. 
Brough' 8  excellent  manual  has  reached,  since  1888,  its  twelfth  edition,  having 
been  repeatedly  revised  and  brought  up  to  date  by  its  vigilant  and  competent 
author.  The  eleventh  edition,  issued  in  1904,  was  characterized,  in  particular, 
by  new  accounts  of  Ferguson's  cyclograph  for  exploratory  surveys,  PoUitzer's 
method  of  shaft-surveying,  Justice's  surveys  of  bore-holes  in  South  Africa,  and 
the  Thomson-Thalen  instruments  for  the  magnetic  survey  of  iron-ore  deposits. 
The  twelfth  edition,  besides  having  been  again  revised  as  to  former  contents,  con- 
tains references  to  later  literature  and  descriptions  of  recent  experiences  and  in- 
ventions, among  which  may  be  named  Marriott*s  surveys  of  bore-holes  in  the 
Transvaal,  the  use  of  the  !Meyer-Wiesmann  tocheometer  at  the  Simplon  tunnel, 
the  Hammer- Fennel  tocheometer.  Burr's  method  of  surveying  with  stretched 
strings,  magnetic  oh^ervations  in  the  deep  Transvaal  shaft,  Lake  Superior,  etc. 
That  Prof.  Brongh  has  not  omitted  to  notice  the  writings  and  inventions  of 
American  engineers,  is  shown  by  the  excellent  bibliography  and  alphabetical  in- 
dex which  completes  the  value  of  his  book  for  students  as  well  as  practitioners. — 
R  W.  R.] 

Canada— Mines,  Superintendent  of. 

Report  on  the  Experiments  Made  at  Sault  Ste.  Marie,  Ont., 
in  the  Smelting  of  Canadian  Iron- Ores  by  the  Electro-  Thermic 
Process,  by  E.  Haanel.  149  p.  pi.  8vo.  Ottawa,  1907. 
Carnegie  Library  of  Pittsburg. 

Pittsburg — Carnegie  Library.  Classified  Catalogue.  Vols. 
1-3.     8vo.     Pittsburg,  1907. 
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Carnegie  Library  of  Pittsburg. 

Pittsburg — Carnegie  Library.  Annual  Report^  IQth.  8vo. 

Pittsburg,  1906. 
Iron.    Vols.  1-13.     f°.     London,  1873-79. 
Index   to  Proceedings   of  the  Engineers^  Society  of  Western 

Pennsylvania,  Vols.  1-20, 1880-'94.    8vo.   Phiiadelphia, 

1894. 

Monthly  Bulletin,   Vol.  11;  vol.  12,  Nob.  1-4.   8vo. 

Story  Hour  Courses  for  Children  from  Greek  Myths. 

29  p.     8vo.     Pittsburg,  1906, 
Century  Association. 

Century  Association.   List  of  Members^  1906.    8vo.    New 

York,  1907. 
Department  of  Lands  and  Mines  oi  British  Guiana. 
British  Guiana — Department  of  Lands  and  Mines.   Pre- 
liminary Report  on  the  Geology  of  the  Loicer  Es^equibo 

RiveTy  the  Groete  Creek  District^  and  the  Lower  Cuyuni 

River.     12  p.     f°.     Georgetown,  1903. 
Report  on  the  Geology  of  the  Cuyuni  River ,  from 

Arawak  Matope  to  the  Akarabisi  Creek.     19  p.     f^. 

Georgetown,  1905. 

Report  on  the  Petrography  of  the  Cuyuni  and  Maza- 


runi  Districts^  and  of  the  Rocks   at  Omai,  Essequibo 
River.     71  p.     f°.     Georgetown,  1905. 
Department  of  Mines  of  New  South  Wales. 

New  South  Wales — Department  of  Mines.     Annual  Re- 

port,  1906,  1907.     f°.     Sydney,  1907. 
Joseph  Dixon  Crucible  Company. 

Photograph  of  John  A.  Walker. 
Anton  Eilers. 

Berg-  und-Huttenmannische  Zdtung.     Vols.  36,  41,  45,  46, 

47.     4to.    Leipzig,  1877,  1882,  1887,  1888. 
Engineering  and  Mining  Journal. 

Aachen — Koniqlichb    Technischb    Hochschule.      Pro- 
gramme 1906-07.     8vo.     Aachen,  1906. 
Alabama — Geological  Survey.    Underground  Resources  of 

Alabama,  by  E.  A.  Smith,     xvi,  388  p.  pi.  map.     8vo. 

Montgomery,  1907. 
Austria — ^K.  K.  Handelsministerium.    Statistik  des  Aus- 

wartigen  Handels  des  Osterreichisch  Ungarischen  Zollgebiets.. 

Vol.  1,  pt.  1,  and  vol.  3,  1904.  8vo.  Wien,  1905. 
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Engmeering  and  Mining  Journal. 

Babtoccini,  a.  Coal  and  Iron  Mines.  155  p.  il.  8vo. 
Monterrey,  1906. 

Belgium — Ministbrium  dbs  Finances  et  des  Travaux 
Publics.    StaUstique,  1904.    f°.     Bruzelles,  1904. 

California — State  Mining  Bureau.  Report  of  the  Board 
of  Trustees,  1906.     8vo.     San  Francisco,  1906. 

Canada — Geological  Survey.  Annual  Report,  Vols.  14, 
15  and  maps.     8vo.     Ottawa,  1901-03. 

Canada — Mines,  Superintendent  op.  Report  on  the  Ex- 
periments Made  at  Sault  Ste.  Marie,  Ont.,  in  the  Smelting 
of  Canadian  Iron  Ores  by  the  Electro- Thermic  Process,  by 
Eugene  Haanel.     149  p.  pi.     8vo.     Ottawa,  1907. 

Connecticut — ^Bureau  of  Labor  Statistics.  Report,  1906. 
8vo,     Hartford,  1906. 

Connecticut — State  Geological  and  History  Survey. 
Bulletin  Nos.  6,  7,  9.     8vo,    Hartford,  1906-'07. 

Ephraim,  J.  Deutsches  Patentrecht  filr  Chemiker,  xxvii, 
608  p.     8vo.     Halle  a,  S.,  1907. 

CuRLE,  J.  H.  Gold  Mines  of  the  World.  Ed.  3.  10,'308 
p.     8vo.     London,  1905. 

[Secretary's  Note. — The  first  edition  of  this  book,  if  my  impression  is  cor- 
rect, was  issued  not  far  from  15  years  ago.  The  second  edition,  published  in 
1902,  contained  the  results  of  a  supplementary  personal  inspection  of  mines  in 
practically  all  the  gold-producing  districts  of  the  world,  except  Siberia.  This 
third  edition,  published  in  1905,  is  declared  to  have  been  ^'almost  entirely  re- 
written.''  The  simple  statement  of  these  facts  shows  the  impossibility  of  present- 
ing at  any  given  time  a  comprehensive  report  of  this  subject  which  will  re- 
main for  a  considerable  period  authoritative.  Fresh  discoveries  and  develop- 
ments, improvements  in  mining  and  metallurgy,  commercial  changes,  creating 
new  markets  or  making  old  ones  more  accessible — these  and  many  other  continu- 
ally changing  conditions  require  a  continual  re-statement  of  descriptions,  opinions 
and  prophecies.  It  is  not  many  years  since  we  were  informed,  on  high  scientific 
authority,  that  the  world's  product  of  gold  had  reached  its  maximum — a  verdict 
which  was  widely  published  and  effectually  used  by  the  ^^free  silver"  party  in 
thiB  country.  But,  in  '^Hans  Breitmann's"  phrase,  ^*vere  is  dot  barty  now?" 
Its  leader  can  only  say  that  the  question  once  regarded  as  instant  and  vital  ha« 
been  rendered  obsolete  by  the  unexpected  interference  of  Providence,  in  enor- 
mously increasing  the  annual  supply  of  gold. 

This  consideration  does  not  impugn  the  value  of  such  contemporary  reviews  of 
gold-mining  as  Mr.  Curie's,  though  it  does  emphasize  the  advisability  of  getting 
the  very  last  edition  of  a  work  of  that  class,  even  when  one  possesses  the  last  but 
one.  No  doubt  it  is  a  pity  that  our  professional  books  will  not  remain  perma- 
nently authoritative  and  conclusive  ;  but,  after  all,  to  a  mining  engineer,  what  is 
the  cost  of  the  very  latest  knowledge  of  a  given  district,  compared  with  its  value  ? 
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It  is  only  fair  to  add,  that  Mr.  Curie's  book,  besideB  its  contemporaaeoui  de- 
scriptions and  estimates  of  gold-mining  enterprises  and  conditions  in  many  coun- 
tries, contains  a  good  deal  in  the  way  of  practical  suggestion  concerning  the  ex- 
amination and  valuation  of  undeveloped  mining-ground,  or  mines  already  in 
operation,  which  may  be  studied  with  profit  by  all  experts,  and  will,  in  the  main, 
not  lose  its  value  through  the  lapse  of  time. — R.  W.  B.] 

Engiueeriug  and  Mining  Journal. 

Gbological  Survey  of  England  and  Wales.     Geology  of 

Falmouth  and  Truro  and  of  the  Mining  District  of  Gam- 
home  and  Redruthy  by  J.  B.  Hill  and  D.  A.  MacAlister. 

X,  335  p.  pi.     8vo.     London,  1906. 
Grondal  Kjellin  Company,  Ltd.     Concentration  and  Bri- 

quetting  of  Iron  Ores.     17  p.  il.     4to.     n.  p.,  n.  d. 
Iowa  Geological  Survey.    Annual  Report.   Vol.  16.    4to. 

Des  Moines,  1906. 
Iron  and  Steel  Institute.    Presidential  Address  by  Sir  H. 

Bell,  May,  1907.     8vo.     London,  1907. 
Italy — ^Reale  Comitato  Geolooioo.     Relazione  del  diret- 

tere  de  della  carta  Geologica  .  .  .  1904.  8vo.  Roma,  1905. 
Memorie  Descrittive  della  Carta  Geologica  d'Balia. 

Vol.  18.     8vo.    Roma,  1900. 
Jahrbuch  der  Osterreichischen  Berg-  und-Huttenwerke,  Maschi- 

nen  und  Metallwarenfabriken  von  Ji.  Hand,  1906.     8vo. 

Wien,  1906. 
Kentucky — Geological   Survey.     Bulletin  No.   4.     8vo. 

Louisville,  1905. 
Lesley,  R.  W.     Concrete  Factories.     152  p.  il.    8vo.    New 

York,  n.  d. 
Michigan — ^Bureau  of  Labor  and  Industrial  Statistics. 

Annual  Rejyort,  2\st,  23d.     8vo.     Lansing,  1904,  1906, 
Michigan — Geological  Survey.      Annual  Report,  1903. 

8vo.     Lansing,  1903. 
Mexico — ^Estado  y  del  Despacho  de  Hacienda  y  Credito 

Publico,   Secrbtaria.       Boletin  de  Estadistica    Fiscal. 

Nos.  262,   269,   271,   272,  274.     4to.     Mexico,  1904, 

1905. 
Nelson,  S.  A.     Consolidated  Stock  Exchange  of  New  York. 

ix,  124  p.     8vo.     New  York,  1907. 
New  Jersey — Geological  Survey.    Annual  Report  of  the 

State  Geologist,  1905.     8vo.     Trenton,  1906. 
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Ei^ineering  and  Mining  Journal. 

New  Jersey — Statistics,  Bureau  of.    Annual  Report  of 

the  Bureau  of  Statistics  of  Labor  and  Industries^  1906. 

Trenton,  1906. 
Obbrschlesischen  Berg  und  Huttbnmannischen  Vereins. 

Zeitschrift,   Vol.  46,  April-June,  1906.   Kattowiz,  1906. 
Peters,  E.  D.     Principles  of  Copper  Smelting,    ix,  612  p. 

8vo.    New  York-London,  1907. 

[Secretabt^s  Note. — My  somewhat  extended  review  of  this  work  in  the 
Engineering  and  Mining  Journal  of  April  27,  1907,  explains  and  illustrates  the  fol- 
lowing brief  statement.  It  is  not  a  new  edition  of  Prof.  Peters' s  well-known 
''Modem  Copper  Smelting''  or  a  compilation  of  the  records  of  practice;  but  a 
manual  of  the  methods  of  reasoning  in  its  special  field,  containing  very  few  quota- 
tions, descriptions  of  plant  or  apparatus,  or  details  which  can  be  obtained  from 
other  books,  even  the  author's  own.  To  an  almost  unique  degree,  it  is,  from  be- 
ginning to  end,  original.  Two  chapters  should  be  excepted  from  this  statement, 
Chap.  VIIL,  on  Pjrite-Smelting,  which  is  practically  the  work  of  Mr.  Robert  C. 
Sticht,  of  Broken  Hill,  Australia,  and  Chap.  XIV.,  on  Applications  of  Thermo- 
chemistry, contributed  by  Prof.  Jos.  W.  Richards,  of  Lehigh  University.  No 
one  acquainted  with  the  standing  of  these  two  as  authorities  on  the  subjects  of 
which  they  treat  will  fail  to  be  grateful  for  these  chapters.  The  rest  of  the  book, 
an  expanded  and  carefully  revised  reproduction  of  Prof.  Peters' s  lectures  to  his 
students  at  the  Harvard  Scientific  School,  is  admirably  stimulating  and  sugges- 
tive, to  practitioners  as  well  as  pupils.  It  deals  most  instructively  with  the  prin- 
ciples of  smelting  in  general,  as  a  process  primarily  of  concentration  with  inci- 
dental chemical  changes;* the  principles  and  practice  of  preliminary  roasting, 
matte-smelting,  the  calculation  of  slags,  matte  and  its  further  treatment,  and  the 
principles  of  furnace-building. — ^R.  W.  R.] 

Redwood,  Boverton.    Petroleum  Handbook.    Ed.  2.   2  vols. 
8vo.     London,  1906. 

[Secretary's  Note. — This  is  the  second  edition  of  the  great  work  issued  first 
in  1896  by  the  distinguished  author.  He  has  been  assisted  in  its  preparation  by  a 
considerable  number  of  eminent  experts,  with  whose  co-operation  he  has  per- 
fected and  brought  down  to  date  a  remarkably  comprehensive  and  accurate  ac- 
count, treating  successively  and  with  abundant  detail  the  history  of  the  petroleum 
industry  ;  the  geological  and  geographical  distribution  of  petroleum  and  natural 
gas ;  their  physical  and  chemical  properties ;  their  origin ;  their  production 
(together  with  that  of  ozokerite);  the  refining  of  petroleum;  the  industry  of 
shale-oil  and  allied  industries ;  the  transport,  storage  and  distribution  of  petro- 
leum; the  testing  of  crude  petroleum  and  its  products,  and  of  other  similar 
materials ;  their  manifold  uses ;  the  statutory  and  other  regulations  concern- 
ing them ;  and  the  statistics  of  trade,  tarifEs,  etc.,  which  belong  to  the  subject. 
The  book  is  clearly  and  logically  arranged,  handsomely  illustrated  and  adequately 
indexed,  and  Sir  Boverton  Redwood  may  well  regard  it  as  a  worthy  monument  of 
his  long,  active  and  creditable  career. — R.  W.  R.] 
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Engineering  and  Mining  Jonmal. 

Rhodesia — Chamber  of  Mines.  Annual  Report^  llih. 
8vo.     Bulawayo,  1906. 

Saunders,  W.  E.,  Parleb,  N.  W,,  and  MacDonald,  Ber- 
nard. Mine  Timbering,  xi,  179  p.  8vo.  New  York, 
1907. 

Transvaal — Chamber  of  Mines.  Report,  18th.  8vo.  Jo- 
hannesburg, 1903. 

U.  S. — Geological  Survey.  Bulletin  Nob.  279,  286,  296, 
300,  302,  305,  310.     8vo.     Washington,  1906,  '07. 

Monograph.     Vol.  60.     f°.     Washington,  1906. 

Professional  Paper  No.  57.   f°.  Washington,  1907. 

Water  Supply  and  Irrigation  Papers  Nos.  182,  183, 

191.     8vo.     Washington,  1906. 

U.  S. — Interstate  Commerce  Commission.  Annual  Re- 
port, 20th.     8vo.     Washington,  1906. 

Wisconsin — Geological  Survey.     Bulletin  No.  14,  and 
atlas.     8vo.     Madison,  1906. 
Engineering  Magazine. 

Engineering  Magazine.     Engineering  Index,  1906.     8vo. 
New  York,  1906. 
Engineers'  Club,  New  York  City. 

Architectural  Record.     Vol.  3.     8vo.    New  York,  1894. 

BusBEY,  T.  A.  Biographical  Directory  of  Railway  Officials 
of  America.     528  p.     8vo.     Chicago,  1896. 

Engineering  Magazine.     Vol.  1.     8vo.     New  York,  1892. 

The  Forum.     Vol.  8.     8vo.     New  York,  1889. 

International  Railway  Congress.  Proceedings,  1895. 
Vols.  1-2 ;  1901,  vol.  1.     8vo.    London,  1895,  1901. 

BulUtin.     Vol.  1-2,1896;  vol.   1-2,  1897;  1898, 

vol.  12,  pt.  1.     8vo.     Brussels,  1896-'98. 

Iron  Age.     Vols.  44,  48.     P.     New  York,  1889,  1891. 

North  American  Review.  Vols.  151,  155.  8vo.  New 
York,  1890,  1892. 

Nineteenth  Century,  Vol.  28.  8vo.  New  York,  London, 
1890. 

U.  S.  Congress — ^House.  House  Doamients.  Vol.  82,  115. 
8vo.     Washington,  1900. 

U.  S.  Congress — Senate.  Senate  Documents.  Vol.  3,  4, 
6.     8vo.     Washington,  1897,  1899. 
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Engineers'  Society  of  Western  Pennsylvania. 

Chemical  News.     Vols.  63-74.     4to.     London,  1891-'96. 
Persifor  Frazer. 

Frazbr,  Persifor.   Scientific  Methods  in  the  Study  of  Hand- 
writing,    p.  245-75.     8vo.     Philadelphia,  1907. 
(Geological  and  Natural  History  Survey  of  Wisconsin. 
Wisconsin— Geological  and  Natural  History  Survey. 
days  of  Wisconsin  and  Their  Uses.   8vo.   Madison,  1906. 
(Bulletin  No.  15.) 
Geological  Survey  of  Iowa. 

Iowa — Geological   Survey.      Annual  Report.     Vol.   16. 
Des  Moines,  1906. 
Geological  Survey  of  Maryland. 

Maryland — Geological  Survey.    Calvert  County.     227  p. 
Svo.     Baltimore,  1907. 

St.  Mary's  County.    209  p.    Svo.    Baltimore,  1907. 

Hamilton  Manufacturing  Company. 

Hamilton  Manufacturing  Company.     Mechanical  Loading 
in  Mines,     unp.  Svo.     Columbus,  1907. 
J.  li.  Harrington. 

Harrington,  J.  L.     Value  of  English  to  the  Technical  Man. 
20  p.     Svo.     Kansas,  1907. 
Institution  of  Mining  and  Metallurgy. 

Institution  of  Mining  and  Metallurgy.   Bulletin  No.  32. 
Svo.     London,  1907. 
Jeffrey  Manufacturing  Company. 

Jeffrey  Manufacturing  Company.     Care  of  Electric  Mine 
Locomotive  in  Service.     {Bulletin  No.  12.) 
John  Crerar  Library. 

John  Crerar  Library.     Annual  Report,  12th.    Svo.    Chi- 
cago, 1907. 
William  Kelly. 

Michigan  Mineral  Statistics.    Report,  1S99.    Svo.   Lan- 
sing, 1S99. 
New  York — State   Geologist.     Report,  1S93.    Vol.   1. 

Svo.     Albany,  1S93. 
Pennsylvania — ^Internal  Affairs,  Department  of.    An^ 
nual  Report,  pt.  3,  1SS4.     Svo.     Harrisburg,  1SS4. 
Konigliche  Technische  Hochschule  zu  Munchen. 

MiJNCHEN — ^Konigliche  Technische  Hochschule.   Bericht, 

1905-'06.     4to.     Miinchen,  1907. 
Ptogramm,  1906-'07.     Svo.     Miinchen,  1907. 
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Lehigh  University. 

Hknsbl,  W.  U.     Wealth  and  Worth.     44  p.     8vo.     South 
Bethlehem,  1907. 
The  Macmillan  Company. 

ScHNABEL,  Carl.     Handbook  of  MetaUurgy.    Ed.  2,  vol.  2. 
xvi,  867  p.  il.     Svo.    London,  1907. 

[Secretary's  Note. — The  first  German  edition  of  this  Handbook,  issued  in 
1874  and  1876,  by  Prof.  Schnabel  of  Clausthal,  supplied  the  general  need  of  a 
modem  compendium  of  metallurgy — aside  from  that  of  iron  and  steel,  which  had 
been  tieated  separately  by  sundry  eminent  authors.  But  '*  modem ''  is  a  relative 
term ;  and  Prof.  Schnabel's  second  edition,  published  in  1902  and  1904,  was  a 
praiseworthy  attempt  to  modernize  the  first.  Both  editions  have  found  in  Prof. 
Henry  Louis,  of  the  Durham  College  of  Science,  at  Newcastle-upon-Tyne,  not 
only  a  competent  translator,  but  also  an  editor  and  co-laborer,  qualified  to  add  to 
heir  value  by  contributions  from  his  own  knowledge  and  experience.  It  is  im- 
possible to  give  in  a  brief  notice  any  critical  analysis  of  this  work.  Being  ne- 
cessarily a  compilation  from  the  technical  literature  of  many  countries,  it  must 
contain  material  of  unequal  value  and  authority.  I  will  merely  say  here  that 
Vol.  I.  (published  in  English  in  1905)  covered,  with  a  considerable  degree  of 
completeness,  down  to  1902  (the  date  of  the  German  original)  the  metallurgy  of 
copper,  lead,  silver  and  gold  ;  that  VoL  II.,  here  under  consideration,  is  similarly 
complete  to  1904  (when  the  German  original  appeared) ;  and  that  both  volumes 
contain  valuable  material  of  more  recent  date,  for  which  our  thanks  are  due  to 
Prof.  Louis.— R.  W.  R] 

Metallgesellschaft  und  der  Metallurgischen  Gesell- 
schaft  A.  G. 

Mbtalloesellschaft  und  der  Metallurgischen  Gesell- 
SCHAFT  A.  G.     Siaiistische  Zusammenstelbingen  iiber  £lei, 
Kupfer^  Zinky  Zinn^  etc.    13  Jahrgang,  1897-1906.     4to. 
Frankfurt  am  Main,  1907. 
Dr.  Richard  Moldenke. 

GiessereirZeitung.   Vol.  1,  Nos.  4,  6-19,  21,  22  and  24.    Svo. 
Berlin,  1904. 
Municipal  Engineers  of  the  City  of  New  York. 

Municipal  Engineers  op  the  City  of  New  York.    Consti- 
tution^ By-Laws^  List  of  Members^  and  Annual  Report^ 
1906.     Svo.     New  York,  1907. 
New  York  Edison  Company. 

Framed  photograph  of  the  Engineering  Building. 
T.  A.  Bickard. 

Austin,  L.  S.      The  Metallurgy  of  the   Common   Metals. 
407  p.  il.     Svo.     San  Francisco,  1907. 
Smithsonian  Institution. 

Smithsonian  Institution.     Smithsonian  Physical    Tables. 
xxxiv,  301  p.     Svo.     Washington,  1904. 
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Society  of  Engineers. 

Society   of  Engineers.     Transactions.    Vol.  1906.     8vo. 
London,  1907. 
State  Inspector  of  Mines  of  Illaho. 

Idaho — State  Inspector  of   Mines.     Annual  Report  of 
Mining  Industry^  Sth.     8vo.     Boise,  1906. 
State  liibrary  of  Pennsylvania. 

Pennsylvania  State  Library.     Report  of  the  Librarian y 
1905.     8vo.     Harrisburg,  1906. 
Dr.  Joseph  Struthers. 

Chapman,  R.  H.     The  Deserts  of  Nevada  and  Death  Valley. 
p.  48-97  il.     8vo.     Washington,  1906. 

WooLSON,  I.  H.     Investigation  of  the  Thermal  Conductivity 
of  Concrete  and  the  Effect  of  Heat  upon  Its  Strength  and 
Elastic  Properties,     p.  433-57  il.     8vo.     n.  p.,  1906. 
Sullivan  Machinery  Company. 

Sullivan  Machinery  Company.     Modem  Practice  in  Air 
Compression.    8vo.    Chicago,  1907.    (Catalogue  No.  58.) 
U.  S. — Bureau  of  Census. 

U.  S. — Bureau  of  Census.     Mortality  Statistics^  1905.    6th 
Annual  Report.     4to.     Washington,  1907. 
U.  S. — Department  of  Education. 

U.  S. — Bureau  of  Education.  Report  of  the.  Commissioner. 
1894-'95,  vol.  1 ;  1895-'96,  vol.  1-2 ;  1896-'97,  vol.  1- 
2;  1897-'98,  vol.  1-2  ;  1898-'99,  vol.  1-2  ;  1899-1900, 
vol.  1-2;  1901,  vol.  1-2.  8vo.  Washington,  1896- 
1902. 
U.  S.— Library  of  Congress. 

Engineering  Record.   Vols.  21-27,  29-40.    f°.    New  York, 
1894-'99. 

The  Engineer.     Vols.  40-51,  57,  68.    P.   London,  1876- 
'81,  1884,  1889. 

Mining  Journal.     Vols.  48-52.     f°.     London,  1878-'82. 

Mining  Magazine.     Vols.  1-3.     New  York,  1853-'54. 

Dingier' s  Polytechnisches  Journal.     Vol.  197.     8vo.     Stutt- 
gart, 1870. 

Institution  of  Civil  Engineers.     Proceedings.    Vols.  6, 
6,  10,  12.     8vo.     London,  1846-'47,  1851-'53. 

Iron  and  Steel  Institute.     Journal.     1891,  vol.  2;  1892, 
vol.  1.     8vo.     London,  1891-'92. 
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U.  S.— Library  of  Congress. 

Wells,  D.  A.  Annual  of  Scientific  Discovery,  1850,  1852- 
'53,  1857-'62,  1864l'65,  1868-71.  8vo.  Boston, 
1850-'71. 

Society   of  Arts.     Journal,    Vol.   42.     8vo.     London, 
1894. 
U.  S.— Office  of  the  Chief  of  Ordnance. 

U.  S. — Ordnance  Department.      Report  of  the   Tests  of 
Metals,  1906.     8vo.     Washington,  1907. 
D.  Van  Nostrand  Company. 

Hutchinson,  R.  W.  Long  Distance  Electric  Power  Trans- 
mission,    V,  345  p.     8vo.     New  York,  1907. 

[Secretary's  Note, — For  years  there  have  been  two  "sciences"  of  electri- 
citj^-one  in  the  text-book,  and  the  other  in  the  shop  and  the  field ;  and  the 
latter  has  always  been  in  advance  of  the  former.  This  is  inevitable  in  any  branch 
of  applied  science,  in  which  invention  and  commercial  use  are  intensely  active. 
But  we  are  beginning  now  to  get  the  observations  and  results  of  practice  in  the 
form  of  contributions  to  technical  literature — the  necessary  first  step  toward  their 
incorporation  in  scientific  theory.  This  book  is  a  sample  of  such  all  important 
additions  to  our  knowledge,  presenting  a  view  of  actual  practice  from  the  hand  of 
a  competent  expert,  most  valuable,  not  only  to  the  practitioner  of  to-day,  but  also 
to  the  historian  of  the  future.  Moreover,  it  contains  not  a  little  of  compactly  but 
clearly  stated  theory.  Since  long-distance  electric  transmission  of  power  is  never 
reasonably  desirable,  except  for  the  utilization  of  a  natural  water-power,  the  book 
begins  with  three  chapters,  describing  the  laws  of  hydraulics,  their  application, 
and  the  apparatus  necessary  thereto.  The  succeeding  chapters  deal  with  electric 
generators,  switches,  and  protective  devices  ;  the  laws  governing  the  transmission 
of  energy  ;  the  transmission-line  ;  transformers  ;  motors  ;  converters ;  practical 
plants;  and  the  distinctive  features  of  noteworthy  long-distance  transmission 
already  in  successful  operation.  The  author  warns  his  readers  that  his  condensed 
discussion  of  some  of  the  electric  problems  involved  presupposes  a  knowledge  of 
alternating  currents  and  polyphase  machinery.  This  is  no  drawback  to  the  value 
of  his  work.  Indeed,  nothing  is  more  exasperating  to  a  practicing  engineer  than 
to  find  a  new  (and  perhaps  in  many  respects,  an  indispensable)  book  loaded  with 
the  re-statement  of  what  he  already  possesses  in  other  books. — B.  W.  B.] 

Verein  Deutscher  Chemiker,  E,  V. 

Vbrein  Deutscher  Chemiker,  E.  V.  Mitglieder-  Verzeichnis 

fur  1907.     8vo.     Leipzig,  1907. 
F.  L.  Waldo. 

Waldo,  F.  L,     The  Panama  Canal     p.  703-716  11.     8vo. 

n.  p.,  1907. 
The  Present  Status  of  the  Panama  CanaL     16  p.  il. 

8vo.     London,  1907. 
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T.  D.  West. 

West,  T.  D.     Metallurgy  of  Cast  Iron.     Ed.   11.     xxiii, 
638  p.     8vo.     Cleveland,  1906. 

[Secretary's  Note. — Mr.  West,  the  author  of  this  book,  is  a  practical  iron- 
master of  long  experience  ;  and  the  most  valuable  portions  of  the  book  are  those 
which  record  his  own  personal  knowledge,  gained  from  this  experience.  The 
circumstance  that  this  is  the  eleventh  edition  is  significant  evidence  of  the  appre- 
ciation which  it  has  received  from  founders,  molders^  furnace-men,  designers, 
draftsmen  and  patternmakers,  for  whose  use  it  is  specially  adapted,  as  well  as 
chemists,  engineers,  and  theoretical  students  and  investigators,  who  can  find  in  it 
innumerable  hints  and  observations  of  value.  The  author  is  specifically  a  foundry- 
man  ;  and  it  is  with  respect  to  that  business  that  he  speaks  with  authority,  though 
his  book  covers  many  related  branches,  concerning  which  he  relies,  to  greater  or 
less  extent,  upon  the  authority  of  others.  Nobody  can  have  thorough  personal 
knowledge  of  all  departments  of  the  manufacture  of  iron,  and  it  is  subject  for 
gratitude  when  a  distinguished  specialist  like  Mr.  West,  instead  of  holding  his 
discoveries  and  experiences  as  trade  secrets,  to  die  with  him,  communicates  them 
to  his  fellow-men  that  they  may  not  be  lost  when  he  departs.  While  this  work 
may  not  claim  to  be  a  complete  and  comprehensive  theoretical  treatise,  it  is  in- 
deed what  the  author,  upon  the  title-page,  declares  it  to  be,  ^*  a  practical  compi- 
lation of  original  research  "  and,  as  such,  a  storehouse  of  facts  and  suggestions 
more  valuable  to  both  practitioners  and  students  than  many  a  more  pretentious 
scientific  text- book.  Mr.  West's  theories  are,  perhaps,  sometimes  open  to  doubt 
and  controversy;  but  his  facts  no  practical  or  theoretical  iron-metallurgist  can 
afford  to  ignore.— JR.  W.  R.] 

Purchases. 

Minerva  Jahrbuch  der  Gelehrtm  Welt  Herausgegeben  von  K,  Trub- 

ner.     Year  17.     8vo.     Strassburg,  1907. 
Who's   Who   in  America,  1906-07.     Vol.  4.     8vo.     Chicago, 

1907. 
Yearbook  of  the  Scientific  and  Learned  Societies,  Vol.  23.     8vo. 

London,  1906. 
Dinglei^'s  Polytechnisches  Journal   Vols.  195-201, 239-268, 279- 

310,  812-314.     8vo.     Augsburg-Stuttgart,  1869-'99. 
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MEMBERSHIP. 

The  following  list  comprises  the  names  of  those  persons 
elected  as  members  or  associates,  who  accepted  election  dur- 
ing May  and  Jane,  1907  : 

Members. 

Alexander  Anderson, Edinburgh,  Scotland. 

Bufos  M.  Bagg,  Jr., Colorado  Springs,  Colo. 

Roger  L.  Beals, Bosario,  Sinaloa,  Mex. 

Sir  Hugh  Bell, Northallerton,  England. 

W.  F.  B.  Berger Leadville,  Colo. 

Edwin  S.  Berry,  .       San  Francisco,  Cal. 

Harry  H.  Blackburn, Grottoes,  Va. 

William  D.  Blackmer, Rhyolite,  Nev. 

Herman  Blumenau, Frankfurt,  Germany. 

J.  F.  Body Philadelphia,  Pa, 

Heinrich  G.  Boker, Remscheid,  Germany. 

Walter  S.  Brown, Denver,  Colo. 

Jos^  Campa, Mexico  City,  Mex. 

Thomas  Cantley New  Glasgow,  Nova  Scotia,  Can. 

Temple  Chapman, Webb  City,  Mo. 

John  L.  Church, Cobalt,  Ontario,  Can. 

Lionel  H.  Cole, Rossland,  B.  C,  Can. 

Charles  C.  Crismon, Salt  Lake  City,  Utah. 

J.  Richmond  Crum, Mexico  City,  Mex. 

Harle  O.  Cummins, Shasta,  Cal. 

Frank  M.  Curtis, Los  Angeles,  CaL 

Mark  Daniel, Baker  City,  Ore. 

Clifford  G.  Dennis, Ehrenberg,  Ariz. 

K  H.  De  Vore, El  Paso,  Tex. 

Earl  Dissinger, Canal  Fulton,  O. 

Carl  B.  Dunster, Marquette,  Mich. 

Frederic  Ewing, New  Haven,  Conn. 

Edward  F.  Fitzhugh, Butte,  Mont. 

Ernest  E.  Ford, Alhambra,  Cal. 

Albert  Frank, Zacatecas,  Mex. 

John  H.  Gallagher, Elko,  Nev. 

Carroll  D.  Galvin, Elko,  Nev. 

Frank  W.  Giroux, Mayer,  Ariz. 

Julius  Goldberg Great  Falls,  Mont. 

William  H.  Hale, Whitcomb,  Mont 

George  B.  Harrington, Elko,  Nev. 

Edwin  F.  Harris, Tucson,  Ariz. 

Paul  H.  Hebb, Tacoma,  Wash. 

Carl  A.  Heberlein, Torreon,  Coahuila,  Mex. 
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Stanley  Havward, Prescott,  Ariz. 

Hans  L.  Heldt, Zacatecas,  Mex. 

Charles  L.  Huston, CoatesvlUe,  Pa. 

Paul  Iweins, Paris,  France. 

Frank  £.  Johnesse^ Lucile,  Idaho. 

Spencer  Kellogg, Buffalo,  N.  Y. 

Beach  A.  Laselle, Barkerville,  B.  C,  Can. 

Harold  N.  Laurie, Perdue,  Ore. 

WUliam  E.  UHame, Covelo,  Cal. 

Kenneth  W.  McComas, Perth  Amboy,  N.  J. 

Benjamin  £.  McKechnie, Lebanon,  Pa. 

Walter  F.  McNeill, Alberta,  Can. 

Stewart  M.  Marshall, Johnstown,  Pa. 

William  D.  B.  Motter,  Jr., Barbara,  Chihuahua,  Mex. 

Stephen  E.  Murphy, Mancelona,  Mich. 

William  F.  Murray, Denver,  Colo. 

Edward  G.  Norton, Edinburg,  Ind. 

James  Lindsay  Oliver, Chicago,  111. 

Lewis  Oliver,  Jr., Newhouse,  Utah. 

George  A.  Orrok, New  York,  N.  Y. 

Vance  C.  Osmont, Daj*ton,  Nev. 

William  T.  Oster, Custer,  Idaho. 

Sidney  W.  Ough, Guanajuato,  Mex. 

Francis  J.  Peck, Cleveland,  Ohio. 

Howard  A.  Poillon, Snowden,  Cal. 

Charles  A.  Pringle, San  Isidro,  Chihuahua,  Mex. 

Max  Reichard, Saxony,  Germany. 

James  W.  Rhew, Sinaloa,  Mex. 

Fred  N.  Rhodes, Bisbee,  Ariz. 

Max  Roesler, Bisbee,  Ariz. 

Heaton  R.  Robertson, New  Haven,  Conn. 

James  G.  Ross, Jersey  City,  N.  J. 

Stanley  C.  Sears, Boston,  Mass. 

C.  Quimby  Schlereth, Durango,  Mex. 

Frederick  W.  Snow, Great  Falls,  Mont 

Charles  J.  Steffens, New  York,  N.  Y. 

Lawrence  P.  Stevens, Ironwood,  Mich. 

Edgar  D.  Stone, Etna,  Ga. 

B.  Leonard  Thome, Hosmer,  B.  C,  Can. 

Neville  F.  Townsend, Rossland,  B.  C,  Can. 

William  E.  Tracy, Telluride,  Colo. 

Omar  A.  Tumey, Phoenix,  Ariz. 

William  J.  Uren Calumet,  Mich. 

Francisco  R.  Varela, Zacatecas,  Mex. 

Anders  B.  Villadsen, Flat  River,  Mo. 

Edward  \Valker, London,  E.  C,  England. 

Myron  R.  Walker, Ezutlan,  Oaxaca,  Mex. 

Russell  G.  Wayland, Treadwell,  Alaska. 

Frederick  R.  Weeks, New  York,  N.  Y. 

Henry  P.  Wherry, Ind^,  Durango,  Mex. 

Thomas  B.  Wilde, Nogales,  Ariz. 

George  B.  Wilson, Searchlight,  Nev. 

Clarence  Woods, Dewey,  Idaho. 
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Associates. 

Max  F.  AbW, New  York,  N.  Y. 

Paul  O.  AbW, New  York,  N.  Y. 

WiUiam  M.  Hauck, New  York,  N.  Y. 

Lee  Emmet  Ives, Houghton,  Mich. 

Greorge  Sealy, Galveston,  Tex. 

Necrology. 
The  deaths  of  the  following  members  and  associates  have 
been  reported  to  the  Secretary's  office  during  May  and  June, 
1907: 

Dat«of 
Bleoiion.  Name.  Date  of  Deoeaie. 

1887.  *George  B.  Hanna, May  21,  1906. 

1874.  *Frank  J.  Heame, February  25,  1907. 

1901.  fW.  J.  Johnston, April  28,  1907. 

1891.  *Walter  Leisenring, January  6,  1907. 

1900.  ♦Robert  S.  Mercur, April  22,  1907 

1906.  ♦♦Thomas  W.  P.  Story, March  15,  1907. 

1878.  fJohn-A.  Walker, May  23,  1907. 

1900.  ♦Eugene  B.  Willani, , . 

♦  Member.  ♦♦  Life  Member.  t  Associate. 
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CANDIDATES  FOR  MEMBERSHIP. 

The  following  persons  have  been  proposed  for  election  as 
members  or  associates  of  the  Institute  during  the  period, 
May  1  to  June  30,  1907.  Their  names  are  published  for  the 
information  of  members  and  associates,  from  whom  the  Com- 
mittee on  Membership  earnestly  invites  confidential  communi- 
cations, favorable  or  unfavorable,  concerning  these  candidates. 
A  suflBicient  period  (varying  in  the  discretion  of  the  Committee, 
according  to  the  residence  of  the  candidate)  will  be  allowed  for 
the  reception  of  such  communications,  before  any  action  upon 
these  names  by  the  Committee.  After  the  lapse  of  this  period, 
the  Committee  will  recommend  action  by  the  Council,  which 
has  the  power  of  final  election.  The  names  of  candidates  were 
formerly  published  in  the  various  circulars  of  the  Institute, 
issued  from  time  to  time  to  the  members.  Hereafter,  they 
will  appear  regularly  in  the  Bi-Monthly  BxiUetiUj  each  number 
of  which  will  contain  the  names  received  since  the  issue  of  the 
preceding  Bulletin. 

Members. 

Lyndon  K.  Armstrong,     Spokane,  Wash. 

Hugh  C.  Baker, Cobalt,  Ontario,  Can. 

Astolfo  Partoccini, Monterey,  Mex. 

Mowry  Bates, New  York,  N.  Y. 

William  Begg, El  Oro,  Mexico,  Mex. 

John  L.  W.  Birkinbine, Mexico,  Mex. 

William  Lawrence  Borthwick, Tenabo,  Lander  Co.,  Nev. 

Francis  Carlton  Bowman, Denver,  Colo. 

John  T.  Brown,  Jr., Pittsburg,  Pa. 

Frederick  Huntington  Clark, New  York,  N.  Y. 

Glenville  Arthur  CoUins, Seattle,  Wash. 

George  M.  Colvoooresses, New  York,  N.  Y. 

Frederick  S.  Cook, Joplin,  Mo. 

Fred  Corkill, Tonopah,  Nev. 

Fritz  Cremer, New  York,  N.  Y. 

Thomas  F.  Donnelly, El  Oro,  Mexico,  Mex. 

William  F.  Dutton, Lead,  So.  Dak. 

Carolus  D.  Emmons, Eugene,  Ore. 

William  H.  Emmons, Washington,  D.  C. 

Edward  Qeorge  Wickham  Ferguson,  ....  New  York,  N.  Y. 

Charles  Fowles, San  Lucas  de  Campo,  Durango,  Mex, 

Chester  Alan  Fulton, Guanajuato,  Mex. 
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George  Thomas  GambrlU,  Jr., Baltimore,  Md. 

Russell  Tyner  Gard, New  Haven,  Conn. 

Lyman  Francis  Gordon, Worcester,  Mass. 

Boris  Gorow, Taxco,  Guerrero,  Mex. 

Herbert  C.  Hale, Mineral  Ridge,  Ohio. 

Carle  R.  Hayward, Quincy,  Mass. 

A.  Roy  Heise, Wadsworth,  Nev. 

Frank  L.  Hess, Washington,  D.  C. 

Wilson  Walter  Hughes, Ellamar,  Alaska. 

William  S.  Hutchinson, New  York,  N.  Y. 

Wilbur  Goodspeed  Laird, New  York,  N.  Y. 

Frederick  Garrison  Lasier, Detroit,  Mich. 

Charles  B.  Lessner, Carril,  Spain. 

Samuel  Douglas  McMiken, Auckland,  New  Zealand. 

John  Francis  Manning,      Chiksan,  Korea. 

J.  E.  Masters, Silver  City,  Idaho. 

W.  S.  Mitchell, Haileybury,  Ontario,  Can. 

Lorin  Thomas  Putman, Zeigler,  III. 

M.  N.  Srinivas  Rao Bombay,  India. 

Mervyn  A.  Rice, New  York,  N.  Y. 

Brent  N.  Rickard, Mapimi,  Durango,  Mex. 

Fred  Elmer  Rightor, Clinton,  Ind. 

Leon  Ewart  Savage, Northport,  Wash. 

Oswald  Norman  Scott, Toronto,  Ontario,  Can. 

Stewart  Kedric  Smith, Terre  Haute,  Ind. 

Robert  Walker  Thomson, Toronto,  Ontario,  Can. 

William  H.  Tolman, New  York,  N.  Y. 

Charles  Howard  Waterman, Aurora,  Mo. 

Edward  Watson, Akmolinsk,  Siberia. 

Hugh  Lemuel  Wiley, Fort  William,  Ontario,  Can. 

Job  Henry  Win  wood, Salt  Lake  City,  Utah. 

Charles  W.  Workman, Etzatlan,  Jalisco,  Mex. 

Change  op  Status  from  Associate  to  Member. 

William  M.  Hauck, New  York,  N.  Y. 

Soott  H.  Sherman, Christmas,  Ariz. 

Benjamin  F.  Tillaon, New  York,  N.  Y. 
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CHANGE  OF  ADDRESS  OF  MEMBERS. 

The  following  changes  of  address  of  members  have  been  re- 
ceived at  the  Secretary's  office  during  the  period  of  May  1 
to  July  1,  1907.  This  list,  together  with  the  list  of  changes  of 
address  published  in  Bi-Monthly  Bulletin^  No.  14,  March,  1907, 
and  No.  15,  May,  1907,  supplements  the  annual  list  of  mem- 
bers corrected  to  Jan.  1,  1907,  and  brings  it  up  to  the  date  of 
July  1,  1907.  The  names  of  members  who  have  accepted  elec- 
tion during  May  and  June,  1907  (new  members),  are  printed 
in  italics. 

The  large  number  of  changes  of  address  since  Jan.  1, 
1907,  shows  the  importance  of  publishing  these  changes  as 
frequently  as  possible,  and  the  Bi-Monthhj  Bulletin  has  been 
selected  as  the  means  to  present  this  information  to  the  mem- 
bers of  the  Institute.  By  the  simple  method  of  cutting  out 
these  names  and  addresses  and  pasting  them  directly  over  the 
corresponding  names  in  the  annual  list  of  members,  the  record 
can  be  kept  practically  up  to  date,  and  the  value  of.  the  list 
correspondingly  increased.  For  this  purpose  the  changes  of 
address  have  been  printed  only  on  one  side  of  the  page.  The 
names  of  new  members,  being  in  italics,  are  readily  distin- 
guished from  the  others,  and  can  be  pasted  in  approximate 
alphabetical  order  on  the  margins  of  the  pages. 

AIM,  MqxF,,  Pre8t.,Abb6EngineeringCo.,220Broadway,NewYork,N.Y.  t'07. 
AM,  Paul  0.,  Secy.jAbb^  Engineering  Co.,  220  Broadway,  New  York,  K.Y.  t'07. 
AL.ABASTEB,  RuPERT  C,  Great  Australia  Mine,  Cloncurry,  Queensland,  Australia. 
Allen,  Robert,  The  Veta  Colorado  Mining  &  Smelting  Co.,  Parral,  Chih.,  Mex. 
Anderwn,  Alexander,  Min.  £ngr...27  Inverleith  Row,  Edinburgh,  Scotland.  *  '07 

Anderson,  William  P Richmond  and  Harriet  Sis.,  Cincinnati,  Ohio. 

Arnold,  Charles  E.  Le  N 308  W.  Granite  St.,  Butte,  Montana. 

AsTLEY,  John  W Care  Bank  of  Montreal,  Vancouver,  B.  C,  Canada. 

Babe,  Percy  A Gaute  No.  12,  Mexico  City,  Mexico. 

Babb,  Bufus  >/.,  Jr.,  Cons.  Geol.,1928  N.  Tejon  St.,  Colorado  Springs,  Colo.  *  '07. 
Bailey,  Edward  T.,  Care  Royal  Colonial  Institute, 

Northumberland  Ave.,  London,  \V.  C,  England. 

Baldwin,  J.  M Address  wanted. 

Bard,  Barsis  C,  Min.  Engr.,  Globe  Mines  Exploration  Co., 

Pennsylvania  Bldg.,  Butte,  Montana. 
Barker,  H.  A Apartado  92,  Pachuca,  Hidalgo,  Mexico. 
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BAUMARTiar,  Karl 4171  Washington  Ave.,  St.  Louis,  Mo. 

Beak,  Roger  Zr.,  Min.  Engr Minas  del  Taja,  Rosario,  Sinaloa,  Mexico.  *  '07. 

Beall,  Clarence  A P.  O.  Box  371,  San  Diego,  Cal. 

Bell,  Sir  Hughy  Ironmaster Bounton  Grange,  Northallerton,  England.  *  '07. 

Berger,  W.  R  B.,  Min.  Engr Leadville,  Colo.  *  '07. 

Berry,  Edwin  S.,  Min.  Engr Mercantile  Trust  Co.,  San  Francisco,  Cal.  *  '07. 

Blaeldmm,  Harry  H.,  Min.  Engr Grottoes,  Va.  *  '07. 

Blackmer,  William  D.,  Min.  Engr Rhyolite,  Nev.  *  '07. 

Blakedee,  Frank  A,,  Minas  Tecolotes  7  Anexas Santa  Barbara,  Chih.,  Mexico. 

Blumenau,  Herman,  Min.  Engr.,  Mgr.  Central  Mining  Institute, 

Mozartplatz  28,  Frankfort,  A.  M.,  Germany.  *  '07. 
Borfy.J.F.,  Min.  Engr.&Operator,1729LandTitleBldg., Philadelphia,  Pa.  *'07. 

BoGOS,  William  R.,  Jr Winston,  N.  C. 

BoHN,  Charles  A Apartado  279,  Chihuahua,  Mexico. 

Baker,  Heinrieh  O.,  Steel  Engr., 

Bergische  Stahl  Industrie,  Remschied,  Germany.  *  '07. 
BoTSFORD,  Robert  S.,  Compania  Greneral  de  Mines, 

Cruz  del  Eje,  Buenos  Ayres,  Argentine  Republic,  So.  Amer. 

Bradley,  Richard  J.  H Address  wanted. 

Braschi,  Walter  M.,  Braschi  &  Nunez.. .Cadena  St.,  No.  2,  Mexico  City,  Mex. 
Breen,  James,  Bingham  Cons.  M.  &  8.  Co., 

Room  700,  McComick  Bldg.,  Salt  Lake  City,  Utah. 
Brett,  Alfred  J.,  Genl.  Mgr.,  Treasury  Gold  Mines,  Ltd., 

Cleveland,  Transvaal,  South  Africa. 

Brewer,  Wm.  M P.  O.  Box  701,  Victoria,  B.  C,  Canada. 

Brooejs,  Robert  S Guaranty  Trust  Bldg.,  El  Paso,  Texas. 

Brown,  Harvey  S « ; Ruth,  Nev. 

Brown,  J.  J.,  Jr. Troy,  111. 

Brown,  Robert  G.,  Cons.  Engr..28  St.  Swithin's  Lane,  London,  E.  C,  England. 

Brotcn,  Walter  &,  Min.  Engr 417  Boston  Bldg.,  Denver,  Colo.  *  '07. 

Brown,  William  F Care  C.  J.  Ryan,  140  West  42d  St.,  New  York,  N.  Y. 

Bryden,  Charles  L "Cedarmont,"  Easton,  Pa. 

Buobee,  Edward  K,  Asst  Prof.  Min.  Engr.  and  Met, 

Mass.  Institute  of  Technology,  Boston,  Mass. 

BuRNAND,  Alfhonse  A 1103  Union  Trust  Bldg.,  Los  Angeles.  Cal. 

Burns,  Elmer  Z. 60  Wall  St.,  New  York,  N.  Y. 

Bi-SH,  B.  F.,  Prest, Western  Maryland  Ry.  Co., Continental  Bldg.,  Baltimore,  Md. 

Caldwell,  William  A 317  Onslow  Drive,  Dennistown,  Glasgow,  Scotland. 

Callaghan,  John  T.,  Jr. 8  Park  Place,  Chester,  Pa. 

Cdrnpoj  JoU,  Engr. «..5a  Calle  del  Relox  4J,  Mexico  City,  Mexico.  *  '07. , 

CanUey,  Thmm^,  Genl.  Mgr.,  Nova  Scotia  Steel  <&  Coal  Co.,  Ltd., 

New  Glasgow,  Nova  Scotia,  Canada.  *  '07. 
Carlyle,  William  A.,  Cons.  Min.  Engr., 

62  London  Wall,  London,  E.  C,  England. 
Carr,  Henry  C,  Supt  Northern  California  G.  M.  Co., 

Westville,  Placer  Co.,  Cal. 
Case,  Albert  H.,  Supt,  Santa  F^  Gold  <&  Copper  Mining  Co., 

San  Pedro,  New  Mexico. 

Chapman,  Temple^  Mine  Operator P.  O.  Box  314,  Webh  City,  Mo.  *  '07. 

Chtjrch,  John  L.,  Min.  Engr Prospect  Hotel,  Cobalt,  Ont.,  Canada. 

Clark,  Carle  D.,  Resident  Mgr.,  Burma  Mines,  Ry.  &  Smelting  Co., 

Mandalay,  Burma,  India. 
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Clemens,  Fred.  Le  R,  Min.  Engr., 

Clemens  A  Leovitt,  206  Clay  Peters  Bldg.,  Reno,  Nev. 
Cole,  Abthur  A.,  Min.  Engr., 

Temiskaming  <&  Northern  Ontario  Railway  Commission,  Cobalt,  Ont,  Canada. 
Cb/e,  Lionel  if.,  Min.  Engr.,  Consolidated  Mining  &  Smelting  Co., 

Centre  Star  Mine,  P.  O.  Box  776,  Rossland,  B.  C,  Canada.  *  '07. 

Crawford,  John  J 1424  Gough  St.,  San  Francisco,  Cal. 

CVismon,  Charles  C,  Assayer  and  Chem Box  78,  Salt  Lake  City,  Utah.  *  *07. 

Crunij  J.  Hichmandj  Min.  Engr., 

Calle  Colejo  de  Minas,  No.  2,  Mexico  City,  Mexico.  *  '07. 

CummiiUj  HarU  0.,  Mgr.,  Gold  Leaf  Mine Shasta,  Cal.  *  '07. 

Cunningham,  Parker  H 154  North  Jefferson  St.,  New  Castle,  Pa. 

Curtis,  Frank  3/.,  Min.  Engr 115  South  Hill  St.,  Los  Angeles,  Cal.  *  '07. 

Daniel,  Mark,  Mine  Foreman United  Elkhorn  Mines,  Baker  Ciiy,  Ore.  *  '07. 

Davison,  Gborqe  L.,  Mining  Operator Box  521,  Goldfield,  Nev. 

Dawbarn,  Gilbert  J.,  Min.  Engr Moonta  Mines,  So.  Australia. 

Dennis,  Clifford  G.,  Min.  Engr., 

Care  Colonial  Mining  Co.,  Ehrenberg,  Ariz.  *  '07. 

De  Vore,  E.  K,  Min.  Engr.  and  Geol P.  O.  Box  249,  El  Paso,  Texas.  *  '07. 

Dissinger,  Earl,  Min.  Engr Canal  Fulton,  Ohio.  *  '07. 

Douglass,  Rose  E P.  O.  Box  1,  Crafton,  Pa. 

Dunster,  Carl  B.,  Min.  Engr Marquette,  Mich.  **  '07. 

DuRANT,  Henry  T 45  Nevem  Square,  Earls  Court,  London,  S.  W.,  England. 

DuRELL,  Charles  T.,  Mgr.,  Arcalvada  Min.  <&  Mill  Co Cima,  Cal. 

Eads,  Norbis  E : Instructed  to  hold  all  mail. 

EiLBRS,  Karl Sea  Cliff,  L.  L,  N.  Y. 

Elmer,  William  W Apartado  16,  Santa  Barbara,  Chih.,  Mexico. 

Easing,  Frederic,  Min.  Engr 125  High  St.,  New  Haven,  Conn.  *  '07. 

FtNDLAY,  James 1686  Pacific  St.,  Vancouver,  B.  C,  Canada. 

Fink,  William  NfJ  Supt.  Southwestern  Nevada  Mines  Co Reville,  Nev. 

Fiizhugh,  Edvaard  F.,  Min.  Engr.,  Mgr.,  Butte  <&  Michigan  Mining  Co., 

25HirbourBldg.,  Butte,  Montana.  *  '07. 

Ford,  Ernest  E.,  Analytical  Chemist Alhambra,  Cal.  *  '07. 

Ford,  Nile  O.  S Apartado  130,  Oaxaca,  Mexico. 

Francis,  Georok  G Address  wanted. 

Francis,  Lewis  W 2  Rector  St.,  New  York,  N.  Y. 

Frank,  Albert,  Min.  Engr., 

Care  Sombrerete  Mining  Co.,  Sombrerete,  Zac,  Mexico.  *  '07. 

Eraser,  J.  Dix New  Glasgow,  Nova  Scotia,  Canada. 

Oallagher,  John  H.,  Min.  Engr. North  Yam  Hill,  Oregon.  *  *07. 

Garvin,  CarroW  D. ,  Min.  Engr., 

Copper  Basin  Mining  &  Smelting  Co.,  Elko,  Nev.  *  '07. 

Gazzam,  Joseph  P 514  Security  Bldg.,  St.  Louis,  Mo. 

George,  Harold  C,  Min.  Engr. Platteville,  Wis. 

Giroux,  Frank  W.,  Mine  Supt Mayer,  Ariz.  *  '07. 

Goldberg,  Julius,  Met.  Engr., 

Boston  <&  Montana  Smelter,  Great  Falls,  Montana.  *  '07. 

Grammar,  William  S Leesburg,  Va. 

Griffin,  Fitz  Roy  N.,  Peregrina  Mining  &  Milling  Co., 

Peregrina,  Guanajuato,  Mexico. 

Guess,  Harry  A Flat  River,  Mo. 

Haas,  Herbert 27  James  Flood  Bldg.,  San  Francisco,  Cal. 
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HaU,  William  H.,  Min.  Engr.  and  Assayer Whitcomb,  Mont  *  '07. 

Hall,  Benjamin  M 413  Temple  Court,  Atlanta,  Ga. 

Hall,  Georoe. Steephill,  Gt.  Beckhamsted,  Herts,  England. 

Harringitmy  Qeorge  B.^  Min.  Engr. Elko,  Nev.  *  *07. 

Harris,  Edvnrd  F,f  Mine  Owner  and  Mgr.,  Colorado  Mining  Co., 

Box  1035,  Tucson,  Ariz.  *  '07. 
Harbis,  Henbt,  Supt,  Alaska  Smelting  <&  Refining  Co., 

Hadley,  via  Ketchikan,  Alaska. 

fiaudfc,  WiUiam  M.,  Mining 223  East  87th  St.,  New  York  N.  Y.  f  '07. 

Havebstick,  JohnE R.  F.  D.  No.  5,  Richmond,  Va. 

HayuKurdf  Stanley,  Min.  Engr 123  S.  CortezSt.,  Prescott,  Ariz.  *  '07. 

HtAb,  PaulH,,  Mining Tacoma,  Wash.  *  '07. 

Htberlein,  Carl  A.,  Min.  Engr.  and  Met., 

Compania  Metalurgica  de  Torreon,  Apartado93,  Torreon,  Coah.,  Mexico.  ^  '07. 

Heckscher,  Ledyabd Swedeland,  Montgomery  Co.,  Pa. 

Heldt,  Hans  L.,  Supt.,  Sombrerete  Mining  Co Sombrerete,  Zac,  Mexico.  *  '07. 

Hkuleb,  Martin  J 1019  Kohl  Bldg.,  San  Francisco,  Cal. 

HiXLMAN,  M.  P.  G Trigg  Furnace,  Trigg  Co.,  Ky. 

HoFMANN,  OiTOKAR. 2110  Troost  Ave.,  Kansas  City,  Mo. 

HoLDEN,  Edwin  a Room  1427,  25  Broad  St.,  New  York,  N.  Y. 

HoFKiKB,  Edward Address  wanted. 

Howard,  Kahl 1760  Pacific  Ave.,  San  Francisco,  Cal. 

Howe,  Albion  IS Room  115,  339  Bush  St.,  San  Francisco,  Cal. 

HcTNDESHAOEN,  LuDWio,  Loeboe  Sikaping,  West  Coast  Sumatra, 

Dutch  East  Indies. 

Huston,  Charles  L,  J  Steel  Manufacturer Coatesville,  Pa.  *  '07. 

Inoersol,  J.  W.,  Mill  Supt.,  Topaz  Mining  Co.,  Care  Brown  &  Harris, 

Bluefields,  Nicaragua,  Central  America. 

Ireland,  James  D Care  M.  A.  Hanna<&Co.,  Cleveland,  Ohio. 

Ivesj  Lee  E,,  Student Michigan  College  of  Mines,  Houghton,  Mich,  t  '07. 

Iveins,  Paul,  Civ.  and  Min.  Engr 48  Rue  Cambon,  Paris,  France.  *  '07. 

Jenkb,  Arthur  W.,  Min.  Engr.  and  Met 242  Wa.shington  St.,  Portland,  Ore. 

Jennings,  Hennen,  Malvern  Hotel Bar  Harbor,  Me. 

Johnesse,  Frank  E.,  Mine  Mgr.,  Bluejacket  Mine Lucile,  Idaho.  *  '07. 

Johnson  Paul,  Min.  Engr... Bergsingenioven,  Lund,  Sweden. 

JosT,  Fred,  Min.  Engr. 721  Cole  St.,  San  Francisco,  Cal. 

Kellogg,  Spencer,  Prest,  New  York  State  Steel  Co., 

White  Bldg.,  Buffalo,  N.  Y.  *  '07. 

Knepper,  Earl  H 168  No.  Los  Angeles  St.,  Los  Angeles,  Cal. 

KuNZ,  George  F.,  Tiffany  &  Co 6th  Ave.  and  37th  St.,  New  York,  N.  Y. 

Lakenan,  Cornelius  B Ely,  Nev. 

Lane,  J.  S 268  Arlington  Ave.,  Brooklyn,  N.  Y. 

La  Rue,  W.  G 208  Exchange  Bldg.,  Duluth,  Minn. 

LaaaUe,  Beaek  A,,  Mine  Owner  and  Mgr Barkerville,  B.  C,  Canada.  *  '07. 

Labhmutt,  Ivan  de,  Testing  Engr.,  Highland  Boy  Smelter, 

Utah  Cons.  Mining  Co.,  Murray,  Utah. 

Laudig,  O.  O.,  Supt,  Blast  Furnace  Dept,  Penna.  Steel  Co Steelton,  Pa. 

Lawrie,  Harold  N.,  Min.  Engr. Perdue,  Oregon.  *  '07. 

Lehman,  George  M.,  Chief  Engr.,  Lake  Erie  &  Ohio  River  Ship  Canal  Co., 

1551  Frick  Bldg.  Annex,  Pittsburg,  Pa. 

Lempriere,  Oscar  T 64  Pitt  St.,  Sydney,  N.  S.  W.,  Australia, 

LHame,  WiUiam  E.,  Min.  Engr. Lock  Box  18,  Covelo,  Cal.  *  '07. 
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LnnCK,  Fredk.  W. Terry's  Lodge,  Wrotham,  Kent,  England. 

Light,  Hebbkbt  H Instructed  to  hold  all  maiL 

lAndaay- Oliver f  James,  Wliitebreaat  Fuel  Co., 

1109  The  Fisher  Bldg.,  Chicago,  111.  *  '07. 

LippiNooTT,  Wabren  B 346  Lafayette  St.,  Denver,  Colo. 

McCahket,  Hibam  D.,  U.  S.  Geological  Survey Washington,  D.  C. 

MeOomaaj  Kewneth  TT.,  Chemist  and  Assayer, 

P.  O.  Box  174,  Perth  Amboy,  N.  J.  *  '07. 

McDsYiTT,  JamjbsE 1011  Mahoning  Ave.,  Youngstown,  Ohio. 

McKxcHsiB,  Benjamin  R,  Min.  £ng.,  Pennsylvania  Steel  Co., Lebanon,  Pa.  *  '07. 
McNeiU,  WdUer  R,  Vice-Prest.,  H.  W.  McNeill  Co.,  Ltd., 

Cammore,  Alberta,  Canada.  *  '07. 

Mackat,  Akoxtb  B.,  Min  £ngr. Eoyal  Insurance  Bldg.,  Montreal,  Canada. 

MAmr,  James  S.,  Assayer,  Yucca  Cyanide  &  Milling  Co Cedar,  Ariz. 

Mank,  AYiixiam  S.,  Care  Boston  St  Oazaca  Mining  Co., 

£1  Placer,  Tlacolula,  Oax.,  Mexico. 

Marbiott,  Fbedebick  a.,  Lake  Vieir  Consols Kalgoorlie,  West  Australia. 

MarshaUf  SUwart  MeC,  Asst  Engr.,  Cambria  Steel  Co., 

120  Tioga  St.,  Johnstown,  Pa.  *  '07. 
Maubice,  Joseph,  Hacienda  de  Monte  Horcas,  por  Yillanueva  de  las  Minas, 

Provincia  de  Sevilla,  Spain. 

Maynabd,  ReaE P.  O.  Box  132,  Los  Angeles,  Qd. 

Mkrrtam,  Wauace  W Apartado  145,  Parral,  Chih.,  Mexico. 

\ffTT.T.T;Ttj  James,  Care  Qeorge  Miller, 

367  Byars  Boad,  Billhead,  Glasgow,  Scotland. 

MiLUBB,  Jebsb  W Yale  Gub,  80  W.  44th  St,  New  York,  N.  Y. 

Mitchell,  Deake  P.,  Bewick,  Moreing  <&  Co., 

Equitable  Bldg.,  Melbourne,  Vic,  Australia. 

MoBBisoN,  Chables  E 135  Hamilton  Place,  New  York,  N.  Y. 

MotttTy  Wm.  D.  B,j  Jr.f  Min.  Engr.,  Mina  San  Biego  y  Anexas, 

Santa  Barbara,  Chih.,  Mexico.  *  '07. 

MuBDOCH,  James  V.  B Neuck,  Larbert,  Sterlingshire,  Scotland. 

Murphyj  Stephen  E,,  Famace  Supt Lock  Box  68,  Mancelona,  Mich.  *  '07. 

MxJBPHY,  Thomas  D 1095  Avenida  Chapultepec,  Mexico  City,  Mexico. 

Murray,  William  F,,  Min.  Engr. lOOO  E.  9th  Ave.,  Denver,  Colo.  *  '07. 

Neilson,  WiNTHBOP  C 1111  Plarrison  Bldg.,  Philadelphia,  Pa. 

Neiaon,  John  L Bigbug,  Yavapai  Co.,  Ariz. 

NiCHOUBON,  H.  H.,  Min.  Engr 1506  Borland  Bldg.,  Chicago,  111. 

NoBTH,  WheelebO.,  Montgomery- Shoshone  Mining  Co Rhyolite,  Nev. 

NoBTON,  Ben  N.,  Care  Tomlinson  &  Norton,  Cons.  Min.  and  Civ.  Engrs., 

307  Guaranty  Trust  Bldg.,  El  Paso,  Texas. 

Nmian,  Edward  G.,  Examiner  of  Mining  Properties Edinburg,  Ind.  *  '07. 

Oldfield,  Fbank  W 922  Equitable  Bldg.,  Denver,  Colo. 

Oliver,  Lewis,  Jr.,  Assayer. Newhouse,  Utah.  *  '07 

Orrok,  George  A.,  Mech.  Engr. New  York  Edison  Co.,  New  York,  N.Y.  »  '07. 

OsHiMA,  BoKUBO 121  Yoyogi  Toyotamagun,  Tokio,  Japan. 

OgmarU,  Vance  C,  Min.  Engr.,  Nevada  Reduction  Works Dayton,  Nev.  *  '07. 

Osier,  TFittiom  r..  Mining  and  Milling Custer,  Idaho.  *  '07. 

OtLgh,  Sidney  W,,  Met Apartado  25,  Nayal,  Guanajuato,  Mexico.  *  '07. 

Palmeb,  Chableb  S.,  Care  J.  P.  Eustis  Mfg.  Co.,  92  North  St.,  Boston,  Mass. 

Pabish,  Samuel  F. P.  O.  Box  1009,  Tonopah,  Nev. 

Pabkik,  William  M 248  Fourth  Ave.,  Pittsburg,  Pa. 
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Paymal,  Geobok  W 1621  Vallejo  St.,  San  Francisco,  Cal. 

Peck,  Francis  <7.,  Min.  Engr.  and  Chem., 

731-5  Williamson  Bldg.,  Cleveland,  Ohio.  *  '07. 

Pfortte,  Otto  F 15  Donaldson  Ave.,  Bmherford,  N.  J. 

Playter,  Geoboe  H 803  Beacon  Bldg.,  Boston,  Mass. 

PoUlcn,  Howard  A,,  Min.  Eng.,  Supt.,  Lanky  Bob  Mine .Snowden,  Cal.  *  '07. 

Prin^f  Charles  A.,  Min.  Engr.,  Care  Calera  Mining  Co., 

San  Isidro,  Chih.,  Mexico.  *  '07. 
Beickardf  Maty  Cons.  Min.  Engr.,  Stuvestrasse  32A  II, 

Dresden- Alstadt,  Saxonj,  Germany.  *  *07. 

Reid,  John  A Instructed  to  hold  all  mail. 

Beinhoi;!,  Oscar  H.,  Genl.  Supt.,  Arizona  Diamond  Drill  Mining  & 

Development  Co.,  623  Chamber  of  Commerce,  Los  Angeles,  Cal. 

Ehew,  James  W.,  Mine  Supt.,  West  Coast  Co Culican,  Sinaloa,  Mexico. 

Bhodes,  Fred  N.,  Assistant  in  Geological  Dept., 

Calumet  &  Arizona  Mining  Co.,  Box  1459,  Bisbee,  Ariz.  **  '07. 
Rice,  John  A.,  Min.  Engr.  and  GeoL, 

The  Chemung  Min.  Co.,  Tyrone,  New  Mexico. 

Richard,  T.  A 667  Howard  St.,  San  Francisco,  Cal. 

Roberts,  J.  C,  Fuel  Testing  Plant U.  S.  Geol.  Survey,  St  Louis,  Mo. 

Robertson,  Heaton  R.,  Assistant,  Sheffield  Scientific  School, 

138  Temple  St,  New  Haven,  Conn.  *  '07 
Robertson,  Horace  P.,  Care  R.  M.  Raymond,  El  Oro  Mining  &  Ry.  Co., 

El  Oro,  Mex.,  Mexico. 

Robertson,  P.  W.  K Apartado  48,  Parral,  Chih.,  Mexico. 

Robinson,  Sanford 945  W.  Jefferson  St,  Los  Angeles,  CaL 

Roesler,  Max,  Asst  Engr.,  Copper  Queen  Mines Box  2223,  Bisbee,  Ariz.  *  '07. 

Rogers,  Alexander  P.,  Min.  Engr 200  W.  57th  St,  New  York,  N.  Y. 

Rogers,  Allen  IL 82  Beaver  St,  New  York,  N.  Y. 

Ross,  Frank  A,,  Mining  Supt.,  Mgr.,  Daly  Reduction  Co., 

Hedley,  B.  C,  Canada.  *  '85. 

Ross,  James  O.,  Min.  Engr Hudson  Cos.,  PierC,  Jersey  City,  N.  J.  *  '07. 

Salisbury,  Earl  F Villaldama,  Nuevo  Leon,  Mexico. 

Sample,  Clarence  C 5  W.  66th  St,  New  York,  N.  Y. 

Sanders,  John,  Fernando  Mining  Co San  Fernando,  Durango,  Mexico. 

Savage,  Arthur  E.,  The  Smelting  Works... Port  Eempla,  N.  S.  W.,  Australia. 

Schlereth,  C  Quinby,  Min.  Engr Ojuela,  Durango,  Mexioo.  *  '07. 

Schneider,  Albert  F.,  Nevada  Utah  Mining  Co., 

309  Dooly  Block,  Salt  Lake  City,  Utah. 

Schrader,  Erich  J Minneapolis  Copper  Co.,  Cumpas,  Sonora,  Mexico. 

ScHRAUBSTADTER,  R  T A ddress  wanted. 

Sealy,  Oeorge,  Banker. 2424  Broadway,  Galveston,  Texas,  f  '07. 

/Scars,  Stanley  C,  Min.  Engr 264  Newbury  St,  Boston,  Mass.  *  '07. 

Shapleioh,  Rooers  W Fort  Bayard,  New  Mexico. 

Sharpley,  Harold,  Oroya  Black  Bange  Mining  Co.,  Sandstone,  W.  Australia. 

SiMONDS,  Francis  M 60  Wall  St,  New  York,  N.  Y. 

Smith,  Frank  D.  G.,  Santo  Domingo  Silver-Mining  Co.,  Batopilas,  Chih.,  Mex. 

Smith,  Rodman  S 900  Boulevard,  Miami,  Florida. 

Snow,  Frederick  W.,  Min.  Engr.,  Boston  &  Montana  Smelter, 

Great  Falls,  Montana.  *  '07. 
Stebbins,  Elwyn  W.,  Cons.  Min.  Engr., 

1201  Chronicle  Bldg.,  San  Francisco,  CaL 


American  Institute  of  Mining  Engineers,      xxxvii 

SUffens,  Charles  J.,  Mgr.,  Goarantee  Constraction  Co., 

90  West  St.,  New  York,  N.  Y.  *  ^07. 

Stephen,  Alfsed  E.,  Assayer,  Gt  Cobar  Ltd Cobar,  N.  S.  W.,  Australia. 

StevenSf  LcnireneeP.,  Mine  Mgr Ironwood,  Mich.  *  '07. 

StogkdaIjE,  Abthub  H Mina  Zaragoza,  Zacatecas,  Mexico. 

SUme,  Edgar  D.,  Genl.  Mgr.,  Etna  Steel  &  Iron  Co Etna,  Ga.  *  '07. 

Strettok,  H.  T.,  Care  A.  Thompson,  Banco  de  Londres  7  Mexico, 

Mexico  City,  Mexico. 

Stuix,  John  W.,  Mine  Supt,  Allegheny  Ore  <&  Iron  Co Lignite,  Va. 

SuiiLY,  John  M Silver  City,  New  Mexico. 

SuMMBSHAYSS,  M.  W San  Jos^  Cal. 

Swain,  Seth  R,  Min  Engr P.  O.  Box  1616,  Denver,  Colo. 

Swketser,  A.  L.,  Min.  Engr P.  O.  Box  1339,  Los  Angeles,  Cal. 

Symmbs,  Oliver  R. 1615  Wall  St.,  Joplin,  Mo. 

Tapt,  HarbyH 1470  Steele  St.,  Denver,  Colo. 

Taogabt,  Gboboe  K 228  Beiger  Ave.,  Dallas,  Texas. 

Thomas,  T.  Lewis 140  North  Front  St.,  Philadelphia,  Pa. 

Thomey  Leonard  B,f  Min.  Engr Hosmer,  B.  C,  Canada.  *  '07. 

TiLMON,  Benjamin  F 619  West  118th  St.,  New  York,  N.  Y. 

Tod,  Stuart Address  wanted. 

ToM,  Isidore,  Care  Simmer  &  Jack  East,  Ltd., 

P.  O.  Box  47,  Germiston,  Transvaal,  South  Africa. 

Tonking,  James  B 90  West  St.,  New  York,  N.  Y. 

Tounuendj  Neville  R,  Asst.  Supt,  LeBoi  Mine Rossland,  B.  C,  Canada.  *  '07. 

Tracyy  WiUiamK,  Min.  Engr Telluride,  Colo.  *  '07. 

Tudor,  J.  W Care  H.  D.  Tudor,  35  Congress  St.,  Boston,  Mass. 

Tumty,  Omar  A.j  U.  S.  Deputy  Mineral  Surveyor, 

Box  396,  Phcenix,  Ariz.  »  '07. 
Ureriy  WiiUam  X,  Geni.  Supt.,  Tamarack  Mining  Co.,  Ltd., 

7  Second  St.,  Calumet,  Mich.  *  '07. 
Valentine,  Charles  F.,  Cons.  Min.  Engr., 

Emuford,  Cairus,  N.  Queensland,  Australia. 

Varelaf  Franeiaco  B,,  Min.  Engr Mazapil,  Zacatecas,  Mexico.  *  '07. 

VAKiCLi:,  Jean  A 605  Third  Ave.,  Seattle,  Wash. 

ViDLEB,  Louis  W.,  14  Colonnade  Apartments, 

Colfax  and  Marion  Sts.,  Denver,  Colo. 

Fi7terf«en,  Anders  B,,  Mill  Designer,  Federal  Lead  Co Flat  River,  Mo.  *  '07. 

Walkery  JSdtcardf  Associate  Editor,  Engineering  a'nd  Mining  Journal^ 

6  Bouverie  St.,  Fleet  St.,  London,  E.  C,  England.  *  '07. 

Walker,  Myron  R,  Min.  Engr. Ejutla,  Oaxaca,  Mexico.  *  '07. 

Warner,  Willard,  Jr.,  Mfr Chattanooga,  Tenn. 

Wayland  BusseU  0,j  Mine  Surveyor Treadwell,  Alaska.  *  '07. 

Webster,  Erastus  H Apartado  162,  Guanacevi,  Durango,  Mexico. 

Weekes,  Frederic  B.,  Min.  Engr. 36  Wall  St.,  New  York,  N.  Y.  ♦  '07. 

Wepfer,  G.  W.,  Mclntyre  Hotel Coram,  Shasta  Co.,  Cal. 

Wherry,  Henry  P.,  Mill  Supt,  Ind^  Gold-Mining  Co., 

Ind^,  Durango,  Mexico.  *  '07. 
WiEL,  Samuel  C,  Attorney-at-Law, 

823  Merchants'  Exchange  Bldg.,  San  Francisco,  Cal. 

Wilde,  Thomas  B.,  Mining Nogales,  Ariz.  *  '07. 

Wilding,  James,  Jr Apartado  1527,  Mexico  City,  Mexico. 

Wilkinson,  Charles 62  London  Wall,  London,  E.  C,  England. 
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Williams,  Fbed.  T Ontaria  Silver-Mining  Co.,  Park  City,  Utah. 

WUsoHy  George  B,f  Mgr.,  Quartette  Mining  Co Searchlight,  Nev.  *  '07. 

Wood,  Alexander  H PetroQ,  Morgan  Co.,  Tenn. 

Woods,  Oarence,  Min.  Engr Dewey,  Idaho.  *  '07. 

Woodward,  W.  M.  H Placerita,  Ariz. 

Wright,  Harold  J.,  New  HillgroTe  Proprietary  Mines, 

Hillgrove,  N.  S.  W.,  Australia. 

Wright,  Lewis  T Pacific  Union  Club,  San  Francisco,  Cal. 

Wright,  William  Q.,  Min.  and  Civ.  £ng.,  004  Mission  St.,  San  Francisco,  Cal. 
Yeakdle,  AViluam  H Foreign  Club,  Chihuahua,  Mexico. 
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The  Influence  of  the  Conditions  of  Casting  on  Piping  and 
Segregation,  as  Shown  by  Means  of  Wax  Ingots. 

BY  H.   M.   HOWE  AND  BEU.DLET  STOUGHTON,   NEW  YORK,   N.   Y.* 

(New  York  MeeUng,  AprU,  1907.) 

This  paper  presents  an  experimental  verification  of  some  of 
the  predictions  made  by  one  of  us^  concerning  the  influence  of 
certain  conditions  of  casting  upon  the  size  and  position  of  the 
pipe,  and  the  position  of  the  segregate,  in  steel  ingots.  The 
predictions  which  we  have  been  able  to  verify  are  the  follow- 
ing: 

A.  That  the  pipe  is  shortened  and  the  segregate  raised  : 

1.  By  slow  casting; 

2.  By  casting  with  the  large  end  up  instead  of  down ; 

3.  By  retarding  the  cooling  of  the  top,  e.g.,  by  means  of  a 
sinking-head. 

B.  That  the  pipe  is  shortened  by  slow  cooling. 

C.  That  the  pipe  and  segregate  lie  in  the  last  freezing-part. 
Our  procedure  was  to  cast  ingots  of  wax  (commercially  pure 

stearic  acid)  containing  a  little  bright  green  copper  oleate  (usu- 
ally 1.5  per  cent.)  under  varying  conditions;  to  saw  each  ingot 
open  along  a  longitudinal  plane  passing  through  its  axis ;  and 
to  examine  the  longitudinal  section  thus  laid  bare.  In  order 
to  make  the  segregate  or  enriched  part  more  distinct  in  color 
from  the  impoverished  part,  a  very  little  red  cerasine  was 
added.  An  experiment  which  will  be  described  later  showed 
that  the  cerasine  itself  does  not  segregate  markedly,  if  at  all. 
Hence  we  may  assume  that  the  strong  contrasts  between  the 
green  and  red  shown  in  so  many  of  our  ingots  are  due,  not  to 
segregation  of  cerasine,  but  to  that  of  the  green  oleate,  in  the 
wax  which  in  itself  is  uniformly  reddened  with  cerasine. 


*  Respectively  Professor  and  Adjunct  Professor  of  Metallurgy  at  Columbia  Uni- 
versity in  the  City  of  New  York. 

^  Piping  and  Segregation  in  Steel  Ingots,  by  Henry  M.  Howe,  Bi-MonlUy  BuUe- 
tin,  No.  14,  March,  1907,  pp.  169  to  274. 
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The  wax  ingots  themselves,  shown  while  presenting  this  paper, 
of  course  have  not  been  tampered  with  in  any  way.  But  the 
contrasts  between  the  red  and  green,  so  beautiful  in  these  origi- 
nals, make  so  little  showing  in  a  direct  photograph  that,  in 
order  to  show  them  in  our  Transactions^  we  had  to  paint  a  pho- 
tographic print  so  as  to  strengthen  them,  and  then  re-photo- 
graph this  print.  This,  in  turn,  is  because  the  difference  in 
photographic  value  between  the  green  and  the  red  is  so  slight. 

Taking  up  the  evidence  in  detail,  the  influence  of  the  rate  of 
casting  is  shown  in  ingots  Nos.  1, 2  and  3,  Figs.  1, 2  and  3.  Of 
these  we  cast  Nos.  1  and  2  from  the  same  casseroleful,  half  of 
which  we  transferred  to  a  second  casserole  just  before  casting. 
We  began  the  casting  of  these  two  at  the  same  instant ;  but 
whereas  the  casting  of  No.  1  was  finished  in  80  seconds,  that 
of  No.  2  was  so  slow  that,  though  it  was  continuous  except  for 
momentary  interruptions  for  heating  the  wax,  it  lasted  1  hr. 
and  13  minutes. 

The  pipe  in  the  fast-poured  No.  1  stretches  down  90  per  cent, 
of  the  ingot's  length,  and,  except  for  some  very  thin  bridges, 
is  practically  continuous  for  49  per  cent. ;  whereas  in  the  slowly- 
cast  ingot  the  pipe  stretches  down  only  14  per  cent,  of  the 
length  of  the  ingot  In  this  particular  ingot  (No.  2)  there  is 
a  second  rudimentary  pipe  near  the  bottom,  caused  by  our  ac- 
cidentally pouring  at  first  faster  than  we  intended.  In  ingot 
No.  3,  which  was  poured  slowly  from  the  start,  this  second  pipe 
is  absent. 

The  segregate  in  the  fast-poured  ingot  No.  1,  though  not 
strongly  marked,  can  be  traced  at  Ay  Fig.  1,  as  a  dark  pear- 
shaped  mass,  near  the  bottom  of  the  ingot.  The  slowly-caet 
ingot  No.  2  has  rather  a  succession  of  local  axial  horizontal 
segregates  than  a  single  segregate,  as  is  easily  understood  from 
the  extremely  slow  rate  of  casting.  In  the  still  more  slowly 
cast  ingot.  No.  8,  these  local  segregates  are  so  slight  as  alnoiost 
to  escape  notice,  and  there  is  no  noticeable  single  segregate. 

The  effect  of  casting  with  the  large  end  up  instead  of  down 
is  shown  in  Figs.  4  and  6,  which  represent  two  ingots  cast  in 
immediate  succession  and  under  otherwise  like  conditions  from 
the  same  casseroleful. 

The  pipe  stretches  down  only  30  per  cent,  of  the  ingot's 
length  when  the  large  end  is  up,  but  82  per  cent,  when  the 
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large  end  is  down,  and  in  the  latter  case  is  a  large  and  practi- 
cally continuous  cavity  for  69  per  cent,  of  the  ingot's  length, 
save  for  the  fairy-like  transparent  bridges. 

The  segregate  lies  well  above  the  center  in  the  ingot  with 
the  large  end  up,  but  very  near  the  bottom  in  that  with  the 
large  end  down. 

The  difference  in  size  between  the  top  and  bottom  of  these 
ingots,  i.e.,  their  taper,  is  very  much  greater  than  in  practice, 
with  the  purpose  of  exaggerating  the  effect  of  the  direction  of 
taper  so  as  to  make  it  clear  to  the  eye. 

The  effect  of  retarding  and  of  hastening  the  cooling  of  the  top 
of  the  ingot  is  shown  in  Figs.  6  and  7,  and  in  Figs.  8  and  9. 
The  preparation  of  ingots  Nos.  6  and  9  is  described  on  p.  569. 

The  depth  to  which  the  pipe  reaches  as  a  nearly  continuous 
cavity  is  only  26  per  cent,  of  the  ingot's  length  in  the  hot- 
topped  ingot,  No.  6,  but  85  per  cent,  in  the  cold-topped,  No.  7, 
and  the  extreme  distance  through  which  it  can  be  traced  is  only 
37  per  cent,  in  the  hot-topped  against  85  per  cent,  in  the  cold- 
topped  one.  To  put  this  in  another  way,  if  steel  ingots  should 
pipe  like  these,  the  part  in  which  the  pipe  would  be  so  oxU 
dized  that  it  certainly  could  not  be  welded  would  be  only  26 
per  cent,  in  the  hot-topped  ingot  against  85  per  cent,  in  the 
other. 

The  segregate  lies  well  below  the  middle  of  the  pipeless  part 
of  the  cold-topped  ingot  No.  8,  but  well  above  that  of  the  hot- 
topped  ingot  No.  9.  This  pair  of  ingots  does  not  show  so  well 
as  Nos.  6  and  7  the  influence  of  the  distribution  of  tempera- 
ture on  the  position  of  the  pipe,  because  the  temperature-lag 
of  the  slowly-cooling  part  was  extremely  slight,  whereas  in 
Nos.  6  and  7  it  was  very  great.  It  is  this  temperature-lag, 
rather  than  the  time-lag,  that  determines  the  depth  of  the  pipe. 
The  reason  why  retarding  the  cooling  of  the  top  shortens  the 
pipe  is  that  the  upper  part  remains  molten  and  thus  ready  to 
feed  down  into  the  pipe  when,  late  in  the  piping-period,  the 
inner  walls  are  drawing  outwards  because  of  their  adhesion  to 
the  virtually  expanded  outer  walls.  In  order  that  this  down- 
ward-feeding shall  have  a  marked  eflect  in  shortening  the  pipe, 
the  upper  part  must  remain  soft  enough  to  sag  thus  up  to  the 
time  when  a  large  amount  of  the  outward-drawing  of  the 
lower  part  shall  have  taken  place,  i.e.,  until  the  freezing  of  the 
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lower  part  shall  have  become  very  far  advanced.  But  this  im- 
plies that  the  temperature  of  the  lower  part  must  be  much  be- 
low that  of  the  upper  part,  or  in  short  that  there  must  be  a 
large  temperature-lag. 

The  effect  of  the  rate  of  cooling  is  shown  in  Figs.  8,  9  and 
10.  The  pipe  in  the  fast-cooled  No.  10  runs  down  the  axis  for 
91  per  cent,  of  the  ingot's  length,  and  then  branches  at  45°  to 
right  and  left  towards  the  ingot's  corners,  following  the  path 
of  the  junction  of  the  columnar  crystals  like  that  so  often  seen 
in  steel  ingots.  In  the  slowly-cooled  Nos.  8  and  9,  the  pipe 
stretches  down  61  and  45  per  cent,  of  the  ingot's  length,  or  in 
both  cases  very  much  less  than  in  the  fast-cooled  ingot. 

We  had  great  difficulty  in  preventing  this  pipe-lfengthening 
effect  of  rapid  cooling  from  being  masked  by  the  pipe-short- 
ening effect  of  the  slower  cooling  of  the  top  than  of  the  bottom 
which  naturally  accompanies  rapid  freezing ;  and,  of  the  two, 
the  relative  rate  of  cooling  of  the  top  and  bottom  is  likely  to 
outweigh  the  absolute  rate  of  cooling,  in  its  influence  on  the 
depth  of  the  pipe.  It  was  easy  enough  to  cool  the  lower  part 
of  the  ingot  quickly,  by  setting  the  mold  in  iced  water ;  but 
under  these  conditions  the  top  lagged  far  behind  the  lower 
part,  because  from  the  top  the  heat  necessarily  escaped  only 
very  slowly  into  the  air.  We  could  not  cover  the  ingot-top 
with  our  iced  water,  because  that  is  so  much  heavier  that  it 
would  run  right  down  through  the  molten  wax.  Covering  the 
ingot-top  with  a  cold  object  helped  us  but  little,  because  as 
soon  as  the  mass  began  to  settle  an  air-space  formed  above  the 
wax  itself,  and  through  this  air  the  heat  passed  only  slowly. 
With  ingot  No.  10  we  finally  hit  on  the  device  of  exposing  it 
to  the  outer  air  on  a  very  cold  winter's  day,  with  a  good  wind 
blowing.  This  seemed  to  give  us  about  as  near  an  approach 
to  uniform  thermal  conditions  at  the  top  and  bottom  as  could 
be  hoped  for,  though  the  cooling  of  the  top  must  still  have 
lagged  somewhat  behind  that  of  the  bottom. 

In  slow  cooling,  though  we  saw  no  way  of  making  top  and 
bottom  cool  at  exactly  the  same  rate,  yet  we  could  make  the 
difference  of  rate  extremely  small,  and  we  could  readily  reverse 
its  sign,  by  varying  the  strength  of  the  small  gas-flames  played 
against  the  top  and  bottom  of  a  vertical  closed  iron  cylinder, 
Fig.  16,  within  which  stood  our  mold,  separated  from  the  walls 
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of  the  cylinder  by  a  wide  air-space.  This  difference  of  rate  be- 
tween top  and  bottom  we  thus  reduced  so  far  that  it  no  longer 
sufficed  to  mask  the  simultaneous  pipe-shortening  effect  of  the 
slow  cooling  j^tself,  as  is  shown  by  comparing  the  pipe-lengths 
of  the  ingots  Nos.  8,  9  and  10. 


Thermometer 


Frame  holding 
burners 


Bunsen  burner 


IN 

Galvanized 
iron  cylinder 


Pieces  of 
firebrick 


Fig.  16.— Arrai^oement  for  Controluno  the  Belatiye  Rate  op  Coolino 
OP  Top  and  Bottom,  in  Slow  Freezing. 


Rate  of  Cooling. 

Length  of  Pipe,  in 

Percentage  of 

Length  of 

Ingot. 

Ingot  No. 

The  Fastest  Cooling 
was  at 

Rate  of  Ingots  as  a 
Whole. 

10 
8 
9 

The  bottom. 
The  top. 
The  bottom. 

Fast. 

Extremely  slow. 
Extremely  slow. 

Per  Cent. 
96 
61 
45 

Here  the  fact  that  the  fastest  cooling  was  at  the  top  in  No.  8 
but  at  the  bottom  in  No.  10  certainly  tended  to  make  the  pipe 
deeper  in  No.  8  than  in  No.  10 ;  nevertheless  it  was  actually  much 
shallower  in  No.  8  than  in  No.  10,  so  that  the  powerful  eflfect  of 
the  change  of  position  of  the  fastest  cooling-point  from  top  to 
bottom  has  here  been  greatly  outweighed.  What  has  outweighed 
it  is  clearly  the  difference  in  the  absolute  rate  of  cooling  of 
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these  ingots,  each  taken  as  a  whole.  The  explanation  is  that 
the  slower  cooling  of  No.  8  has  shortened  its  pipe  to  a  degree 
which  greatly  outweighs  the  pipe-lengthening  eftect  of  its  cool- 
ing faster  at  top  than  at  bottom.  Here,  then,  we  verify  the 
prediction  that  slow  cooling  tends  to  shorten  the  pipe. 

Segregation  is  much  greater  in  slow  than  in  fast  cooling.  It 
is  true  that  there  is  a  slight  concentration  of  the  oleate  in  the 
lower  part  even  of  the  fast-cooled  Nos.  10  and  11,  and  appar- 
ently in  the  irregular  masses  which  cross  the  pipe  of  the  former. 
But  the  difterence  in  tint  between  the  red  impoverished  parts 
and  the  green  enriched  ones  is  incomparably  greater  in  the 
slowly-cooled  Nos.  8  and  9  than  in  the  fast-cooled  Nos.  10  and 
11,  both  transversely  and  lengthwise.  Indeed  the  lengthwise 
difference,  which  is  very  slight  in  the  fast-cooled  ingots,  is  so 
great  in  the  slowly  cooled  ones  that  in  the  upper  quarter  of 
one  of  them.  No.  9,  the  downward  expulsion  of  the  oleate  looks 
complete  to  the  eye. 

That  the  last  freezing-part  contains  the  pipe  and  segregate 
is  shown  primarily  in  Fig.  12,  and  incidentally  in  Figs.  4  and 
5,  11  and  13,  and  8  and  9. 

The  ingot  shown  in  Fig.  12  had  its  cooling  hastened  on  its 
right-hand  side  by  circulating  cold  water  beside  it,  and  re- 
tarded on  its  left-hand  side  by  coating  it  with  flannel,  with  the 
purpose  of  shifting  the  last  freezing-part  from  the  axis  to  the 
left.  As  we  foresaw,  this  has  shifted  the  pipe  distinctly  to  the 
left  of  the  axis. 

The  segregate,  too,  seems  to  have  shifted  so  that  it  is  concent 
trie  with  the  pipe.  The  bridges  J5,  F  and  G  are  of  so  much 
darker  and  stronger  a  green  than  any  of  the  rest  of  the  ingot 
that  we  believe  that  they  are  the  central  axial  part  of  the  segre- 
gate ;  but  the  iildications  are  not  conclusive. 

That  the  segregate  lies  in  the  last  freezing-part  is  ftirther 
shown  by  the  facts  (1)  that  it  lies  well  above  the  center  of  the 
ingot  No.  4  with  the  large  end  up,  but  far  below  the  center  in 
ingot  No.  5  with  its  large  end  down ;  (2)  that  it  lies  far  above 
the  center  of  the  pipeless  part,  at  C  in  hot-topped  ingot  No.  9, 
but  at  D  below  the  center  of  the  pipeless  part  of  cold-topped 
ingot  No.  8 ;  and  (3)  incidentally  by  a  curious  and  interesting 
phenomenon  shown  in  several  of  our  ingots,  but  particularly 
well   in  Nos.   11  and  13.     In  the  middle  and  lower  part  of 
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No.  11  there  are  five  bridges,  of  which  the  lowest,  -F,  is  rudi- 
mentary, and  each  successive  one  is  better  and  better  marked 
as  we  pass  upwards,  until  at  /we  get  a  distinct  bridge,  and 
at  J  one  which  seems  to  be  over-ripe  in  a  special  sense.  We 
venture  to  call  these  "  surface-tension  bridges,'*  a  term  which 
we  will  now  explain. 

The  pipe,  as  one  of  us  has  shown,^  is  due  to  the  more  rapid 
cooling  and  contraction  of  the  inner  than  of  the  outer  walls  of 
the  ingot  in  the  latter  part  of  the  freezing.  The  down-sagging 
of  the  upper  part  of  the  mass  tends  to  make  the  pipe  narrower 
and  narrower  as  we  pass  down  the  length  of  the  ingot :  hence 
the  narrowing  of  the  pipe  at  its  lower  end,  and  the  gradual 
cessation  of  the  rudimentary  pipelets,  for  instance  in  Fig.  11. 

The  bright  green  of  the  copper  oleate  in  this  ingot  shows 
that  there  are  many  local  centers  of  segregation.  The  length 
of  our  ingots  is  so  much  greater  than  their  width  that  the 
whole  of  the  segregate  does  not  usually  coalesce  into  a  single 
mass,  but  instead  there  are  several  local  centers  of  coalescence 
along  the  axis  of  the  ingot.  Now  it  seems  to  us  that  each  of 
these  local  segregates  causes  a  local  surface-tension  bridge. 
That  is  to  say,  the  crack  which,  as  the  beginning  of  the  pipe, 
starts  near  the  ingot's  top  and  travels  downwards  along  the 
axis,  is  interrupted  at  a  point  where  the  local  enrichment  of 
oleate  has  made  the  wax  so  fusible,  soft,  and  plastic,  that  it 
stretches  out  like  so  much  molasses  candy  under  the  strain, 
and  thus  forms  a  surface-tension  bridge,  instead  of  cracking 
open  like  the  rest  of  the  wax  above  and  below,  which,  because 
it  has  less  oleate,  is  less  fusible,  and  therefore  has  progressed 
farther  in  the  passage  from  the  molten  to  the  rigid  state. 

In  evidence  of  this  we  point  to  the  fact  that  each  of  these 
bridges  from  the  rudimentary  F  to  the  over-ripe  J  is  not  only 
greener  but  very  much  greener  than  the  wax  between  the 
bridges.  Moreover,  at  K,  L  and  other  spots  we  find  not  bridges 
but  promontories  of  like  verdancy,  which  look  as  if  they  had 
passed  through  the  stages  now  represented  by  Hj  I  and  J — 
as  if  they  had  once  been  bridges,  but  had  later  been  torn  apart 
by  the  widening  and  down-sagging  of  the  pipe,  and  that,  now 
left  protruding  as  green  promontories,  they  are  really  relics  of 
former  bridges. 

*  Op.  eit,^  i  9et8eq,j  p.  180. 
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Like  phenomena  can  be  traced  in  ingots  Nob.  13  and  15, 
though  not  so  clearly.  Had  we  No.  13  alone,  all  that  we  could 
assert  would  be  that  the  very  walls  of  the  pipe  in  and  above  M 
were  very  much  greener  than  any  of  the  rest  of  the  mass,  and 
that  the  ruined  bridges  above  also  looked  greener  than  the 
surrounding  wax.  But  when  we  come  to  interpret  the  phenom- 
ena here  and  in  many  of  the  other  ingots  in  the  light  of  what 
we  see  so  very  clearly  in  ingot  No.  11,  there  seems  to  be  no 
reasonable  doubt  that  these  promontories  and  like  masses  are 
ruined  surface-tension  bridges. 

Segregation  or  Stratification? 

Without  better  knowledge  of  the  relations  of  copper  oleate 
and  stearic  acid,  one  might  naturally  ask  whether  we  really 
have  here  a  case  of  true  segregation.  May  not  the  downward 
concentration  of  the  copper  oleate  be  only  the  subsidence  of  a 
mechanically  suspended  heavy  foreign  body,  instead  of  the  true 
segregation  of  a  dissolved  impurity  ?  And  may  not  the  con- 
centration of  red  at  the  top  of  our  very  slowly  cooled  ingots  be 
due,  not  to  the  expulsion  of  the  green  copper  oleate  by  segre- 
gation, as  we  have  hitherto  assumed,  but  to  the  upward  concen- 
tration of  the  red  cerasine,  either  by  segregation  or  by  stratifi- 
cation ?     We  will  now  oflfer  some  evidence  on  these  points. 

To  dispose  first  of  the  simple  question  whether  the  red  cera- 
sine concentrates  upwards,  we  show  ingot  No.  14,  made  of 
stearic  acid  without  copper  oleate,  but  with  the  usual  quantity 
of  cerasine,  and  held  molten  for  1  hr.  50  min.,  to  allow  ample 
time  for  stratification  if  it  does  actually  tend  to  occur,  and  then 
cooled  quickly  without  disturbing  the  ingot  or  mold  in  the 
least,  so  that  any  stratification  which  should  arise  might  per- 
sist. In  spite  of  this  ample  opportunity  for  stratification  none 
seems  to  have  occurred,  because  the  red  appears  to  be  uniform 
over  the  whole  longitudinal  section  of  the  ingot.  Hence  we 
infer  that  the  contrasts  of  red  and  green  in  our  other  ingots  can- 
not be  due  to  stratification  of  the  cerasine. 

Turning,  now,  to  the  question  whether  the  concentration  of 
the  green  oleate  in  the  slowly-cooled  ingots  is  due  to  stratifi- 
cation or  to  segregation,  we  have  to  admit  at  once  that,  in 
several  of  our  ingots,  a  small  quantity  of  copper  oleate  seems 
to  have  remained  undissolved,  and  to  have  sunk  to  the  bottom 
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of  the  ingot.  But  this  applies  to  only  a  very  small  quantity  of 
the  oleate,  and  this  undissolved  matter  is  in  general  readily  dis- 
tinguished from  the  segregate  proper,  because  it  forms  sharp 
grains  of  considerable  size  right  against  the  bottom  of  the  ingot. 

Now,  the  mere  fact  that  the  oleate  in  general  lies  well  be- 
low the  center  of  the  ingot  may  be  explained  either  by  the 
simple  stratification  of  a  heavy  suspended  solid,  or  by  the 
greater  density  of  the  segregate  due  to  its  enrichment  in  the 
heavy  copper  oleate.  And  even  the  fact  that  in  certain  cases 
the  segregate  lies  above  the  center  of  the  ingot  (the  hot- 
topped  ingots  and  that  cast  with  the  large  end  up),  can  readily 
be  explained  on  the  stratification  hypothesis  by  supposing  that 
the  concentration  by  gravity  was  more  complete  in  the  upper 
than  in  the  lower  part  of  the  ingot,  because  the  upper  part  re- 
mained molten  longer,  giving  stratification  a  longer  time  to 
complete  itself. 

But  this  stratification-explanation  breaks  down  when  we  con- 
sider the  evidence  in  more  detail.  Thus  the  upper  parts  of 
ingots  Nos.  6  and  9  remained  molten  and  quiescent  for  a  very 
long  time  (1  hr.  4  min.,  and  1  hr.  45  min.),  so  that,  if  the  im- 
poverishment of  the  upper  part  of  No.  9  was  due  to  mere  sub- 
sidence of  a  suspended  solid,  the  upper  part  of  No.  6  should 
have  been  impoverished  to  a  comparable  degree.  But  the  im- 
poverishment in  oleate,  while  in  the  upper  quarter  of  No.  9  it 
has  gone  so  far  as  to  approach  complete  expulsion,  in  No.  6  is 
very  slight.  The  difterence  in  impoverishment  in  these  two 
cases  is  far  too  great  to  be  explained  by  the  stratification-hy- 
pothesis, but  it  is  just  such  a  difiTerence  as  should  result  from  the 
great  difference  in  the  rate  of  freezing,  which  was  extremely 
rapid  in  No.  6,  but  extremely  slow  in  No.  9. 

Ko.  6  was  cast  in  an  iron  mold  standing  in  a  large  empty  tab,  Fig.  17.  Four 
▼ery  gentle  flames  from  horizontal  Bnnsen  burners  were  played  against  the 
lower  part  of  the  mold,  and  the  frame  which  carried  these  Bunsen  burners  was 
raised  slowly  as  the  tub  was  gradually  filled  with  iced  water,  the  surface  of  which 
kept  pace  with  the  Bunsen  burners  slightly  above  it.  During  the  very  slow  up- 
ward travel  of  the  water  and  the  flame,  the  upper  part  of  the  ingot  had  over  an 
hour  in  which  the  copper  oleate,  had  it  been  mechanically  suspended,  would  have 
sunk  downwards ;  but,  when  any  given  horizontal  layer  of  wax  once  began  to 
freeze,  it  was  rapidly  frozen  by  the  iced  water. 

No.  9,  on  the  other  hand,  was  surrounded  by  a  hot-air  jacket,  as  in  Fig.  16, 
slightly  hotter  above  than  below,  and  the  temperature  of  this  jacket  as  a  whole 
was  very  gradually  lowered,  so  that  there  was  not  only  a  slow  approach  to  the 
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freezing- range,  but  a  very  slow  passage  through  that  range,  instead  of  the  rapid 
passage  which  took  place  in  No.  6. 

As  we  pass  inwards  from  the  outer  shell  of  ingot  No.  6,  we  find  first  a  dark 
band  in  which  the  freezing  seems  to  have  been  so  rapid  as  to  restrain  segregation 
very  greatly.  This  is  followed  by  a  band  in  whi(;h  the  red  predominates,  and  this 
in  turn  by  the  axial  region  in  which  the  green  predominates.  Here  we  have  exactly 
the  sequence  which  we  find  in  a  steel  ingot :  an  outer  region  but  little  impover- 
ished ;  then  a  region  of  maximum  impoverishment,  followed  by  the  axial  region 
of  maximum  enrichment. 

That  even  a  true  segregate  should,  if  it  is  denser  than  the 
mother-mass,  concentrate  towards  the  lower  part  of  the  ingot, 
is  only  natural,  as  one  of  us  has  explained  in  case  of  the  deep- 
seated  segregate  in  ice  ingots.  {BUMonthly  Bulletin^  'No.  14, 
March,  1907,  p,  234.) 


^Iron  pipe 
mold 


Bunsen  burner]^ 


Fig.  17.— Hot-Top  Casting  Arrangement.    The  Freezing  Proceeds 
FROM  Below  Upwards. 

The  green  surface-tension  bridges  already  noticed  are  further 
evidence  in  this  same  direction ;  and  so  are  the  diagonal  streaks 
which  we  will  consider  later. 

Though  this  reasoning  seemed  to  us  persuasive,  we  supple- 
mented it  by  a  direct  experiment,  the  results  of  which  seem 
absolutely  irresistible.  Stratification  is  a  thing  which  occurs 
both  before  and  during  freezing,  but  segregation  occurs  only 
during  freezing.  Therefore,  if  we  hold  the  mixture  of  wax, 
oleate,  and  cerasine  molten  for  a  very  longtime,  longer  than  in 
any  of  the  preceding  cases,  so  as  to  afford  ample  time  for  strati- 
fication proper,  and  then  cool  it  rapidly  past  the  freezing-point 
so  as  to  leave  but  little  time  for  segregation;  then  if  our 
phenomena  are  really  of  stratification,  the  upward  concentra- 
tion of  the  red  and  the  downward  concentration  of  the  green 
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should  be  extremely  strong  in  the  resultant  ingot.  If,  on  the 
other  hand,  our  phenomena  are  not  of  stratification  but  of 
segregation,  then  there  should  be  only  the  moderate  color-con- 
trasts which  the  other  fast-cooled  ingots  show. 

Therefore  we  held  ingot  No.  15  molten  for  1  hr.  50  min.,  or 
longer  than  in  any  of  the  other  cases,  in  an  iron  mold  within  a 
closed  air-c"hamber,  as  in  Fig.  16 ;  and  then,  without  moving  the 
mold  itself  or  otherwise  disturbing  any  stratification  which  might 
have  occurred,  we  froze  the  wax  rapidly  by  pouring  cold  water 
into  the  air-space  which  surrounded  the  mold.  The  water 
rose  smoothly  in  this  outer  air-space,  and  there  was  nothing  to 
disturb  the  wax  in  its  mold.  As  may  be  seen,  there  is  only  the 
slight  color  contrast  which  the  other  quickly-cooled  ingots  show, 
and  nothing  resembling  the  extreme  downward  concentration 
of  the  green  and  upward  concentration  of  the  red  which  the 
slowly-frozen  ingots,  such  as  Nos.  8  and  9,  show  so  strikingly. 

The  inference  seems  to  us  irresistible  that  the  color-con- 
trasts in  these  slowly-frozen  ingots  are  due  not  to  stratification 
but  to  true  segregation.  Hence  it  further  seems  that  the  evi- 
dence which  this  paper  offers  as  to  the  influence  of  the  several 
variables  on  segregation  is  true  and  valid  evidence. 

The  Diagonal  Streaks. 

Early  in  this  investigation  we  noticed  curious  diagonal  streaks 
stretching  inwards  and  upwards  from  the  outside  of  certain  in- 
gots. Nos.  4,  6,  8  and  11  show  these  streaks  in  what  we  think 
nearly  their  natural  position,  and  Nos.  5  and  9  show  them  dis- 
torted by  sagging,  as  we  will  now  try  to  explain.  For  brevity 
we  will  describe  these  in  positive  terms,  but  with  the  understand- 
ing that  we  put  forth  our  explanation  tentatively  in  spirit. 

The  red  diagonal  bands  are  the  first-freezing  crystals,  which 
stretch  out  into  the  molten  mother-wax.  In  freezing,  they 
naturally  reject  part  of  their  dissolved  copper  oleate,  which 
thus  concentrates  in  the  spaces  between  them.  They  probably 
at  first  shoot  out  at  right  angles  to  the  sides  of  the  ingot,  the 
cooling-surface;  but  from  this  horizontal  position  their  inner 
ends  swing  upwards,  because  they  are  lighter  than  the  molten 
wax  into  which  they  protrude,  certainly  because  they  contain 
less  of  the  heavy  copper  oleate,  and  perhaps  also  because  of  the 
expansion  of  the  wax  in  freezing.     That  part  of  the  heavier 
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Table  I. — Details  of  PreparcUion  and  Description   of  the  Wax  Ingots. 
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a  Pyramidal  ingots,  Si  in.  square  at  the  laige  end  and  I  in.  sq.  at  the  small  end. 

6  Hot  top.  The  mold,  which  stood  within  a  tank,  was  heated  near  its  lower  end 
by  four  small  gas-jets,  which  were  very  slowly  raised,  while  at  the  same  time  iced 
water  was  run  into  the  tank  just  fast  enough  to  keep  its  upper  surface  at  a  slight  but 
nearly  constant  distance  below  the  gas-jets.  Thus  the  freezing  at  any  given  level 
was  very  rapid,  but  the  freezing-rone  traveled  upwards  very  slowly.  From  the  time 
the  iced  water  rose  to  the  bottom  of  the  mold,  till  the  time  when  it  reached  the  top 
of  the  mold,  was  about  1  hr.  Thus  we  forced  the  freezing  to  take  place  from  below 
upwards. 

c  Gold  top.  The  upper  part  of  the  mold  was  cooled  by  jacketing  it  with  a  mova- 
ble coil  of  rubber  pipe,  through  which  cold-water  circulated,  while  the  lower  part 
was  warmed  by  jacketing  it  with  a  fixed  coil  of  wire  heated  by  electric  resistance. 
The  cold  jacket  was  lowered  gradually  from  the  top  of  the  mold  to  within  about  2 
in.  of  the  heating-jacket,  a  travel  of  about  6  in.,  in  1  hr.  15  min.  Thus  we  forced 
the  freezing  to  take  place  from  above  downwards. 

d  The  continuous  part  of  the  pipe  reaches  nearly  to  its  bottom,  and  extends 
through  the  thick  bridge  which,  in  the  lower  part- of  Fig.  7,  masks  it 

e  Lateral  defieelion.  The  cooling  of  the  right-hand  side  of  the  mold  was  hastened 
by  jacketing  it  with  vertical  rows  of  rubber  tubing,  through  which  cold  water  cir- 
culated for  1  hr.  10  min.  ;  and  the  cooling  of  the  left  side  was  retarded  by  jacket- 
ing it  with  flannel.  Thus  we  shifted  the  last-freezing  region  from  the  axis  to- 
wards the  left. 
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molten  mother-wax  which  is  entangled  or  engulfed  between 
these  upward-pointing  early-freezing  growths,  may  thereby  be 
prevented  from  running  down  to  join  the  rest  of  the  segregate 
in  the  lower  part  of  the  ingot ;  and,  where  opposite  branches 
meet  in  the  axis  of  the  ingot,  the  locally-imprisoned  segregate 
later  forms  one  of  the  surfiice-tension  bridges. 

But,  if  there  is  much  sagging  of  the  mass,  these  upward- 
pointing  trees  are^more  or  less  bent  downwards  by  it,  and  this 
downward  bending  increases  with  the  amount  of  sagging. 
Thus  there  could  be  but  little  sagging  in  No.  4,  cast  with  the 
large  end  up,  because  the  freezing  proceeds  from  below  up- 
wards; and  in  No.  5,  with  its  large  end  down,  there  is  very 
great  sagging,  because  freezing  proceeds  from  above  down- 
wards, as  the  shallow  pipe  in  No.  4  and  the  deep  one  in  No.  5 
prove.  It  is  in  perfect  accord  with  our  ideas  that  the  streaks 
in  No.  4  point  more  nearly  vertically  upwards  than  in  any 
other  ingot,  and  that  in  No.  5  they  are  much  more  nearly  level. 
In  the  suddenly-cooled  No.  11  these  streaks  point  strongly  up- 
wards, a  natural  consequence  of  the  rapidity  of  cooling,  which 
has  given  little  time  for  sagging  to  take  place;  witness  the 
great  depth  of  the  pipe.  In  No.  8,  though  the  slow  cooling  has 
given  plenty  of  time  for  sagging,  there  has  actually  been  but 
little  because  of  the  cold  top,  which  has  led  to  a  deep  pipe ;  and 
it  is  quite  in  accord  with  this  that  the  streaks  point  strongly 
upwards  in  spite  of  the  slow  cooling. 

Finally,  in  the  slowly-cooled  hot-topped  No.  9,  both  the  slow 
cooling  and  the  fact  that  the  upper  part  remained  molten 
and  free  to  feed  down  into  the  pipe,  led  to  so  much  sag- 
ging as  both  to  cause  a  short  pipe  and  to  overturn  these  ini- 
tially upward-pointing  trees,  and  make  them  point  downwards. 
In  this  case  the  sagging  was  so  extreme  that  the  ingot  short- 
ened itself  by  about  5  per  cent.  Thus  in  every  respect  the 
position  of  these  streaks  agrees  with  our  explanation  of  their 
nature. 

We  have  to  thank  Dr.  Parker  C.  McHhiney  most  warmly  for 
aid  in  choosing  these  substances,  copper  oleate  and  cerasine, 
for  showing  these  effects  of  segregation ;  and  Mr.  E.  C.  Groes- 
beck,  S.B.,  for  his  careful  and  efficient  execution  of  most  of  the 
manipulation. 

[13] 


8UBJBCT  TO  BEVI8I0N. 

rTRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENQINEEBS.l 


Notes  on  the  Gayley  Dry-Air  Blast-Process. 

A  Discussion  of  the  Paper  of  G.  A.  Meiasner,  presented  at  the  Bethlehem  Meet^ 

ing,  Febraaiy,  1906,  and  printed  in  Bi-Montkly  BuUetin,  No.  9,  May,  1906,  pp.  385 

to  399. 

(New  York  Meeting,  April,  1907.) 

J.  E.  Johnson,  Jr.,  Glen  Wilton,  Va.  (communication  to  the 
Secretary*) : — Mr.  Meissner  announces  early  in  his  paper  that 
one  of  its  purposes  is  the  discussion  of  my  paper  entitled, 
Notes  on  the  Physical  Action  of  the  Blast-Furnjwje,^  with  which 
he  disagrees  in  part ;  and  as  the  second  stage  of  the  discussion 
of  this  important  subject  has  centered  around  his  paper,  some 
reply  by  me  may  not  be  amiss. 

Unfortunately,  Mr.  Meissner  has  not  indicated  a  single  state- 
ment or  conclusion  in  my  paper  that  he  wishes  to  controvert; 
but  as  there  is  evidently  a  difference  of  opinion  between  us  I 
will  disregard  this  fact,  and  will  discuss  those  conclusions  of  his 
that  seem  to  me  not  to  be  justified  by  the  facts  of  general 
practice,  or  even  by  the  data  which  he  produces  to  support 
them. 

Let  me  say,  however,  that  I  am  a  believer  in  the  dry-air 
blast;  in  fact,  a  more  consistent  one,  apparently,  than  Mr. 
Meissner,  since  to  me  the  great  advantage  of  the  dry-air  blast 
appears  to  be  its  dryness.  In  my  opinion,  it  is  not  necessary  to 
produce  factitious  explanations  for  the  success  of  this  great  im- 
provement. 

Mr.  Meissner's  first  contention  is  that  natural-air  blast  has 
not  shown  the  increase  in  output  and  the  decrease  in  fuel-con- 
sumption when  the  air  is  cold  and  dry  in  winter,  which  was 
caused  by  cold,  dry  blast  artificially  produced.  He  cites,  in 
support  of  his  contention,  the  records  of  90  furnaces,  extending 
over  a  period  of  from  four  to  six  years,  which  failed  to  show 
these  results. 

*  ReoBived  July  3,  1906,  too  late  to  be  printed  for  the  London  meeting ;  subse- 
quently revised  in  minor  details  by  the  author,  and  returned  for  publication  Nov. 
19,  1906. 
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I  shall  deal  presently  with  the  explanation  of  this  fact,  but 
first  I  wish  to  say  that  this  contention  is  opposed  to  the  experi- 
ence of  almost  every  practical  furnace-man  of  my  acquaintance, 
excepting  some  of  those  using  Lake  Superior  ores. 

Mr.  Gayley  himself,  in  the  specification  for  his  original  pat- 
ent on  drying  the  blast  by  refrigeration,  says :  "  Thus  in  the 
summer  months,  because  of  the  greater  content  of  moisture  in 
the  air,  200  lb.  more  fuel  on  an  average  are  required  to  pro- 
duce a  ton  of  pig-iron  than  in  the  winter  months."  Mr.  Gay- 
ley  was  at  that  time  managing  the  largest  blast-furnace  plant  in 
the  world;  and  better  testimony  on  such  a  subject  it  is  impos- 
sible to  imagine. 

About  8  or  9  years  ago  I  took  the  records  of  fuel-consump- 
tion and  output  of  a  furnace  in  Virginia  for  three  years,  week  by 
week,  taking  the  average  for  corresponding  weeks,  and  omit- 
ting from  the  record  those  weeks  in  which  the  furnace  was 
shut  down  for  repairs.  The  furnace  was  run  during  the  entire 
period  on  the  one  kind  of  ore,  with  a  uniform  blast-tempera- 
ture (850°  F.),  and  made  the  one  kind  of  iron  (basic).  In  order 
not  to  show  the  absolute  coke-consumption,  and  to  show  the 
variations  more  plainly,  the  quantity  in  excess  of  a  certain 
fixed  amount  was  plotted,  as  shown  in  Fig.  1.  The  results 
hold  good  to  the  present  time ;  that  is,  the  same  annual  vari- 
ations of  fuel-consumption  and  output  occur,  except  as  they 
may  be  masked  by  periods  of  better  or  worse  working,  which, 
unfortunately,  are  generally  beyond  the  furnace-man's  control. 
Throughout  the  South,  wherever  close  attention  is  paid  to  fuel- 
consumption,  the  same  results  hold  to  a  greater  or  less  degree, 
as  fkr  as  my  experience  extends,  and  that  also  of  others  with 
whom  I  have  discussed  the  subject  In  fact,  this  condition  has  so 
long  been  one  of  the  banes  of  furnace-men's  existence  that  fur- 
ther discussion  of  the  point  is  hardly  needed.  The  effects  are 
more  definitely  measurable  in  the  case  illustrated  by  Fig.  1 
than  in  most  others,  for  the  reason  that  the  percentage  of  vari- 
ation in  available  heat  caused  by  a  given  amount  of  moisture  is 
much  greater  with  a  low  blast-temperature  than  with  a  high 
one.  For  instance,  from  the  diagrams  published  in  my  paper 
above  referred  to,  the  available  heat  with  0.25  lb.  of  moisture 
and  1,250°  of  blast-temperature  is  1,910  B.tu.;  for  1  lb.  of 
moisture  at  the  same  blast  temperature,  it  is  1,650  B.tu.,  a  re- 
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duction  of  14  per  cent. ;  for  760°  blast-temperature,  with  the 
same  amount  of  moisture,  the  available  heats  are  1,300  and 
1,046  B.tu.,  a  reduction  of  20  per  cent.,  or  about  46  per  cent 
more  than  in  the  previous  case. 

In  this  connection  another  point  is  to  be  borne  in  mind. 
When  the  furnace  is  carrying  a  good  burden  the  gas  is  lean,  and 
of  relatively  small  quantity ;  consequently  there  is  relatively 
little  left  for  heating  the  stoves,  after  the  boilers  have  been 
supplied,  and  the  blast-temperature  is,  therefore,  comparatively 
low.  When,  on  the  other  hand,  the  burden  is  low,  the  gas  is 
abundant  and  rich,  and  there  is  consequently  a  larger  supply 
for  the  stoves  and  the  blast-temperature  can  be  suitably  raised. 
The  result  is  that  the  work  of  the  furnace  tends  to  be  equalized 
throughout  the  year;  that  is  to  say,  when  the  furnace  might  be 
able  to  carry  a  good  burden,  it  can  only  go  as  far  in  that  direc- 
tion as  the  reduction  of  blast- temperature  (due  to  the  impover- 
ishment of  the  gas)  will  permit.  If,  on  the  other  hand,  the  fur- 
nace tends  to  work  badly,  the  increased  heat  in  the  blast  ob- 
tainable from  the  enrichment  of  the  gas  tends  strongly  to  cor- 
rect this  condition. 

In  the  furnace,  the  operation  of  which  is  shown  by  Fig.  1, 
this  was  not  the  case,  since  it  was  equipped  with  iron-pipe 
stoves,  on  which  the  maximum  permissible  temperature  was 
860°  ;  and  this  was  always  maintained,  even  though  firing  the 
boilers  with  coal  became  necessary  in  consequence  of  a  de- 
ficient gas-supply. 

This  reasoning  does  not  fully  apply  to  the  90  furnaces  of 
which  Mr.  Meissner  speaks,  because  many  of  them  do  not  use 
all  the  heat  that  their  stoves  would  permit,  for  reasons  well 
known  to  furnace-men — ^namely,  (1)  the  liability  to  make  the  fur- 
nace "  stick,"  and  (2)  the  desire  to  have  in  reserve  enough  heat 
to  help  the  furnace  through  a  sudden  "  spell."  But  in  this  case 
a  new  factor  becomes  operative ;  this  is,  that  the  furnace-man, 
who  fears  to  stick  his  furnace  with  too  high  a  blast-tempera- 
ture, will  always  use  all  the  heat  that  the  furnace  seems  \villing 
to  take.  Consequently,  when  the  summer  months  come  and  the 
humidity  rises,  thus  producing  a  chilling  action  in  the  hearth, 
these  furnace-men  naturally  will  order  the  stove-tender  to 
carry  a  higher  blast-temperature,  because  they  see  that  the  fur- 
nace will  stand  it. 
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These  considerations  explain  to  a  yery  great  extent,  if  not 
wholly,  the  reason  why  furnaces,  especiaJly  those  using  Lake 
Superior  ores,  with  their  liability  to  stick,  do  not  show  the  dif- 
ference in  fuel-consumption  between  summer  and  winter  con- 
ditions which  might  be  expected.  Add  to  this  the  fear  of  every 
furnace-man  that  his  furnace  will  be  caught  by  a  slip,  or  a  dose 
of  water,  or  a  violent  change  in  the  humidity,  at  a  time  when  it 
is  already  carrying  all  the  burden  under  which  it  can  stagger, 
and  his  desire  to  have  a  reserve  with  which  to  meet  this  pos- 
sible change,  and  the  conditions  described  by  Mr.  Meissner  are 
completely  explained. 

It  is  perfectly  well  known  to  most  furnace-men  that  a  fur- 
nace will  work  more  regularly,  with  less  liability  to  slips  and 
other  derangements,  on  a  heavy  burden  than  on  a  light  one. 
Therefore,  when  the  furnace-man  feels  himself  secure  against 
atmospheric  changes,  he  is  justified  on  that  account  in  carry- 
ing all  the  burden  he  can  (as  we  have  Mr.  Gayley's  own  word 
that  he  did).  The  effect  of  this  increase  of  burden  is  to  further 
steady  the  furnace,  and  reduce  the  irregularities  other  than 
those  caused  by  variations  in  the  humidity.  This  makes  the 
effect  of  the  dry-blast  cumulative  in  two  or  three  directions. 

In  this  connection,  it  may  be  well  to  state  that  owing  to  reg- 
ularity of  work  at  the  Virginia  furnace,  the  records  of  which 
are  graphically  shown  above,  it  was  the  custom  to  put  on  all 
the  burden  that  the  furnace  could  carry,  the  danger  from  slips 
and  other  accidental  derangements  being  a  minimum. 

It  has  been  generally  declared  that  the  diurnal  variations  of 
the  humidity  are  very  great,  and  that  the  removal  of  these  vari- 
ations, is  in  itself  a  great  advantage,  but  I  confess  that  both 
the  facts  and  the  results  seem  to  me  to  oppose  this  view. 
There  is  a  diurnal  variation  in  the  humidity,  and  on  some  oc- 
casions it  is  rapid  and  of  great  extent ;  but  these  occasions  are 
comparatively  rare  in  most  seasons ;  and  many  years  of  patient 
but  unsuccessful  endeavor  to  make  the  facts  fit  the  theory,  and 
to  prove  that  a  furnace  works  better  at  night  than  during  day- 
time in  summer,  have  convinced  me  that  the  diurnal  variations 
are,  under  ordinary  circumstances,  no  more  than  a  furnace  in 
good  condition  can  meet  -with  its  reserve  of  heat,  without  show- 
ing ill-effects. 

On  pages  4  and  5  of  his  paper,  Mr.  Meissner  has  made  some 
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comparison  of  actual  results  with  those  indicated  by  my  dia- 
grams. Unfortunately,  a  serious  typographical  error  has  oc- 
curred, for  which  Mr.  Meissner  is  not  responsible,  but  the  ef- 
fect of  which  is  lamentable,  as  it  tends  to  throw  complete  dis- 
credit on  the  diagram.  The  entire  sentence  is  as  follows; 
"  According  to  Mr.  Johnson's  diagram,  this  increase  from  850*^ 
F.  to  1,200°  F.,  on  a  blast  containing  2  grains  of  moisture  per 
cu.  ft.,  should  increase  the  '  available  heat '  from  1,450  to  about 
1,850  B.tu.  Theoretically,  this  would  reduce  the  coke-con- 
sumption of  1,875  lb.  for  the  former  temperature,  to  about 
1,270  lb.  for  the  latter."  The  words  "  about  1,270  lb."  should 
be  "  about  1,470  lb.,"  a  result  which  is,  of  course,  very  low, 
but  not  so  far  from  the  very  best  practice  as  to  be  ridiculous. 

Through  the  kindness  of  Mr.  David  Baker,  I  obtained  a 
brief  statement  of  the  work  of  No.  6  furnace,  at  South  Chicago, 
for  1897,  which  shows  an  average  fuel-consumption  of  1,580 
lb.,  with  a  blast-temperature  of  1,180°.  Considering  that  this 
covers  the  entire  year  and  that  the  average  humidity  was, 
therefore,  not  far  from  0.5  lb.  of  moisture  per  1,000  cu.  ft.  of 
air  during  the  entire  time,  the  available  heat  for  this  case  by 
my  diagram  is  about  1,690  B.tu.  This  corresponds,  on  the 
basis  given  by  Mr.  Meissner,  to  1,620  lb.  of  fuel,  more  than 
was  actually  used,  so  that  if  the  blast  were  dry  and  the  tem- 
perature raised  to  1,200°,  it  is  not  unreasonable  to  suppose 
that  on  a  similar  ore-mixture  a  fuel-consumption  of  very  nearly 
1,470  lb.  could  be  reached,  as  the  diagram  indicates.  An  ad- 
ditional confirmation  of  these  figures  is  to  be  found  in  the  ac- 
tual work  of  the  Dover  furnace,  under  the  management  of  Mr. 
Arnold  K.  Reese,  as  described  by  him,^  in  which  the  fuel-con- 
sumption was  about  1,660  lb.  and  the  blast-temperature  about 
1,150°.  I  think  it  may  be  claimed,  therefore,  that  the  results 
taken  from  my  diagram  show  as  close  an  agreement  with  the 
actual  results  of  blast-furnace  operation  as  would  be  expected 
by  those  who  have  had  actual  experience  with  that  uncertain 
apparatus.  Mr.  Meissner's  own  figures  prove  this  clearly  for 
the  lower  blast-temperatures,  and,  when  properly  corrected, 
prove  it  as  well  as  can  be  expected  for  the  higher  ones,  also. 

Mr.  Meissnefs  Argument  for  Perfect  Uniformity . — The  second 
portion  of  Mr.  Meissner's  argument  is  devoted  to  proving  that 

*  Trans.  J  xxvii.,  477  to  485. 
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the  advantage  of  the  dry-blast  lies  principally,  not  in  its  dry- 
ness, but  in  ita  uniform  density  and  content  of  oxygen.  On  this 
latter  subject,  much  has  been  said  by  European  metallurgists; 
and  it  seems  worth  while  to  point  out  that  the  variation  in 
oxygen-content  of  air  with  the  amount  of  moisture  present  is 
not  rapid,  and  that  it  actually  increases  as  the  moisture  in- 
creases after  a  certain  point  is  reached.  To  show  this,  I  have 
reproduced  in  Table  I.  Mr.  Meissner's  Table  EE.,  and  have  ex- 
tended it  to  112°  F.,  and  have  added  on  the  right  a  column 
showing  the  oxygen  in  pounds  per  cubic  foot  of  saturated  air 
at  the  different  temperatures. 

Table  I. — C  A,  Mdssner^s  Table  II.j  toiih  Oxygen  per  Cubic 
Foot  of  Saturated  Air  Added. 

Difference  in  Satarated  and  Dry  Air  per  cubic  foot  at  different  temperatures. 

Grains  of 
Moistnreat  Oxygen  per 

lOO  Per  Cent.  ca.  ft. 

SAtaration.  At  Saturated.  Pry  PoundB. 

0.55  0''  F.  equals  0.0863  lb.  per  cu.  ft  of  air,  or  0.0864  0.01990 

0.91  12*»  F.  equals  0.0841  lb.  per  cu.  ft.  of  air,  or  0.0842  0.01943 

2.12  32°  F.  equab  0.0805  lb.  per  cu.  ft.  of  air,  or  0.0807  0.01870 

4.38  52<»  F.  equals  0.0772  lb.  per  cu.  ft  of  air,  or  0.0776  0.01819 

8.54  72°  F.  equals  0.0739  lb.  per  cu.  ft  of  air,  or  0.0747  0.01780 

15.75  92°  F.  equals  0.0707  lb.  per  cu.  ft  of  air,  or  0.0720  0.01772 

27.68  112°  F.  equals  0.0631  lb.  per  cu.  ft  of  air,  or  0.0694  0.01800 

It  will  be  seen  that  this  reaches  a  minimum  about  95^  F.,  and 
thereafter  increases,  for  the  reason  that  air  contains  only  25  per 
cent,  by  weight,  of  oxygen,  while  water-vapor  contains  89  per 
cent.  It  may  be  objected  that  the  oxygen  is  combined  with 
hydrogen,  and  therefore  does  not  count ;  but  this  fact  does  not 
interfere  in  the  least  with  its  combination  with  the  fuel  to  form 
CO,  and  the  hydrogen  released  at  the  same  time  is  a  desirable 
reducing  agent,  so  that  if  the  question  of  heat  be  ignored,  as  it 
has  been  by  so  many  in  this  discussion,  the  blast-furnace  should 
really  work  better  with  saturated  air  above  100°  than  it  does 
with  dry-air  at  lower  temperatures.  No  one  has  actually  claimed 
this,  but  it  is  a  not  altogether  unreasonable  deduction  from  the 
arguments  of  many. 

Referring  to  Mr.  Meissner's  attempt  to  trace  the  results  ob- 
tained to  uniformity  of  temperature  of  the  dry-blast,  on  pages 
8  et  seq.^  I  think  that  they  may  all  be  dismissed  with  the  ver- 
dict "  Not  proven."     The  variations  in  the  humidity  as  shown 
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by  Mr.  Meissner's  comparative  tables  are,  it  is  true,  greater  than 
the  variations  in  temperature  of  the  dry-blast ;  but  while  the 
relative  variation  of  humidity  is  considerable,  the  absolute  vari- 
ations are  negligible  from  a  metallurgical  point  of  view.  The 
diagrams  given  in  my  paper  show  a  greater  variation  in  prob- 
able fuel-consumption  for  a  given  variation  in  moisture,  by 
from  three  to  five  times,  than  any  other  method  of  calculating 
this  loss ;  therefore,  if  the  variation  in  humidity  shown  by  Mr. 
Meissner's  tables  were  of  importance,  this  would  be  shown  by 
the  corresponding  variation  in  available  heat  as  taken  from  my 
diagram.  The  extreme  variation  in  moisture  given  in  Table  V., 
with  the  exception  of  one  month,  is  1.25  grains,  which  would  cor- 
respond to  a  variation  in  available  heat  of  about  60  B.t.u.  out  of 
a  total  of  1,600  B.t.u.,  or  about  4  per  cent.  On  any  other  basis 
of  calculation  than  mine  the  variation  would  be  less  than  1 
per  cent.  To  claim  that  the  superior  work  of  one  period  over 
another  was  due  to  any  further  reduction  in  this  small  quantity 
is  utterly  inadmissible ;  in  fact,  Mr.  Meissner  himself  gives  the 
clew  to  better  work  of  No.  3  furnace,  than  of  No.  1  on  dry- 
blast,  when  he  speaks  of  the  "  troubles  at  the  furnace  due  to 
accidents  and  repairs  and  to  leakage  of  bosh-plates."  To  attempt 
to  compare  the  work  of  two  furnaces,  of  which  one  had  these 
troubles  and  the  other  was  free  from  them,  in  order  to  evaluate 
a  gain  in  uniformity  of  dry-blast  temperature,  is  hardly  less  than 
preposterous.  In  fact,  the  differences  as  between  variations  of 
humidity  and  variations  in  dry-blast  temperature  given  by  Mr. 
Meissner's  table  are  so  utterly  insignificant  in  comparison  with 
the  variations  of  furnace-work  under  the  most  uniform  and 
favorable  conditions  that  any  inferences  so  drawn  are  of  no 
more  value  than  an  attempt  to  determine  the  distance  of  the 
Pole  Star  by  taking  its  parallax  from  opposite  ends  of  a  two-foot 
rule.  Above  all,  to  give  these  comparisons  without  giving  in 
detail  the  variations  in  hot-blast  temperature  which  accom- 
panied them,  and  which  are  almost  certain,  in  some  cases,  to 
have  been  of  many  times  greater  moment,  is  utterly  useless. 

On  page  14,  Mr.  Meissner  claims  that  the  calculated  effect 
of  higher  blast-temperature  upon  fuel-economy  is  not  realized 
in  general  practice.  From  this  statement  I  am  forced  to  dis- 
sent. So  far  as  known  to  me,  there  has  seldom  been  a  blast- 
furnace run  remarkable  for  low  fuel-consumption  under  given 
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circumstances  without  a  high  blast-temperature;  and  while  a 
high  blast-temperature  may  not  always  give  a  low  fuel-con- 
sumption, as  compared  with  practice  on  Lake  ores,  high  blast- 
temperature  and  furnace-management  has,  in  almost  all  cases, 
given  a  lower  fuel-consumption  than  a  lower  blast-temperature 
under  the  same  conditions.  The  exception  to  this  statement 
is  the  one  with  which  Mr.  Meissner  is  familiar — namely,  that 
of  Lake  ore  practice,  where  limitation^  caused  by  liability  to 
stick  and  bad  furnace-work  prevent  obtaining  from  high  blast- 
temperature  those  benefits  which  are  almost  universal  under 
other  conditions. 

Mr.  Meissner  says  that  an  increase  of  800°  in  blast-tempera- 
ture would  probably  not  result  in  a  decreased  fuel-consumption 
of  400  lb.  per  ton  of  iron,  and  that  practice  indicates  50  lb.  of 
fuel  saved  per  100°  increase  in  blast-temperature.  I  have  dealt 
with  this  probability  in  the  early  part  of  this  discussion ;  but 
it  may  be  well  to  point  out  again  the  fact  on  which  special  em- 
phasis was  laid  in  my  paper — namely,  that  the  fuel-economy  of 
the  blast-furnace  is  subject  to  a  double  limitation :  first,  that 
arising  from  the  total  amount  of  heat  generated  per  pound  of 
iron  produced ;  and  second,  that  arising  from  the  fact  that  a 
sufiicient  portion  of  this  heat  may  not  be  available  above  the 
critical  temperature  to  complete  the  smelting-process.  One  of 
these  depends,  roughly  speaking,  on  the  degree  of  oxidation  of 
the  carbon  in  the  waste  gases;  the  other  depends  upon  the 
temperature  and  the  dryness  of  the  hot-blast.  These  two  limi- 
tations are  practically  quite  independent  of  one  another ;  and 
whichever  of  them  comes  into  action  first  will  limit  the  econ- 
omy of  the  furnace,  even  though  the  other  still  have  an  ample 
margin.  This  is  a  theorem  which  I  believe  to  be  absolutely 
essential  to  the  proper  understanding  of  the  operation  of  the 
blast-furnace.  Without  it,  many  unwarranted  conclusions  will 
be  drawn,  and  many  points  will  fail  to  be  understood.  Its  bear- 
ing on  the  present  matter  is,  that  if,  in  a  given  furnace,  the  top 
gases  are  already  oxidized  to  the  maximum  possible  extent  for 
the  given  conditions,  further  increase  in  the  temperature  of  the 
blast  will  have  practically  no  eflfect.  If,  on  the  other  hand,  the 
gases  are  much  less  oxidized  than  is  possible  under  the  given 
conditions,  then  increase  in  blast-temperature  will  be  followed 
by  economy  of  fuel,  in  all  those  cases  in  which  the  increase  in 
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temperature  does  not  occasion  a  tendency  to  stick  and  conse- 
quent irregularities.  The  conditions  controlling  this  last  oc- 
currence need  not  be  discussed  at  length  here,  and  are  hardly 
germane  to  the  present  discussion. 

As  to  the  reduction  in  the  power  required,  there  is  no  doubt 
that  this  is  a  factor  worthy  of  consideration,  but  one  of  the 
reasons  for  it  has  been  entirely  overlooked.  This  is,  that  the 
furnace  requires  less  blast  to  burn  the  smaller  quantity  of  coke 
charged,  and  as  the  pressure  to  drive  the  blast  through  the  fur- 
nace varies  nearly  as  the  square  of  the  volume  used,  the  pres- 
sure on  the  furnace  fails  materially,  and  therefore  the  work  of 
the  blowing-engine  is  very  considerably  reduced,  altogether 
apart  from  the  saving  made  by  the  reduction  in  the  volume  of 
the  air,  due  to  its  lower  temperature  at  entrance  into  the  blow- 
ij^g-cylinders.  That  this  saving  also  exists  is  not  to  be  denied ; 
but  considered  by  itself,  it  would  be  a  very  expensive  one  at  the 
price  paid  for  it — namely,  the  power  required  to  refrigerate  the 
blast. 

In  the  discussion  by  Prof.  Richards  on  this  subject  at  the 
Washington  meeting,  May,  1905,  and  at  the  Bethlehem  meet- 
ing, February,  1906,  he  has  failed  to  grasp  the  importance  of 
the  conception  of  a  critical  temperature,  and  of  the  double 
limitation  to  fuel-economy  just  mentioned.  As  a  consequence, 
his  analysis,  while  interesting,  does  not  advance  our  knowledge 
of  the  subject;  since  he  attempts  to  evaluate  causes  to  which 
it  is  not  possible  to  attach  exact  values,  and  the  introduction  of 
which  is  unnecessary  to  account  for  the  results  achieved.  Prof. 
Richards's  heat-balance,  in  his  paper  of  May,  1906,  has  its  great- 
est interest  in  showing,  with  a  little  additional  calculation,  a 
fact  which  he  ignored — namely,  that  the  total  quantities  ot 
heat  actually  used  in  the  furnace  per  pound  of  iron  made  were 
identical  (within  the  limits  of  such  calculations)  with  and  with- 
out the  dry-blast,  thereby  disproving  the  very  foundatioii  of 
many  arguments  concerning  this  process. 

To  Prof.  Howe  I  am  under  lasting  obligation  for  having  re- 
stated with  his  faultless  clearness  of  expression  the  views  set 
forth  in  my  paper,  and  for  having  illustrated  them  at  such 
length,  and  with  such  clearness  as  to  render  their  acceptance 
much  more  certain  and  more  rapid.  I  think,  however,  the 
fact  has  been  generally  overlooked  that  in  my  paper  I  not  only 

[10] 


THE   QAYLBY   DRY-AIR   BLAST-PROCBSS.  585 

called  attention  to  the  existence  of  a  critical  temperature  and 
to  its  importance,  but  also  was  at  some  pains  to  determine 
what  this  critical  temperature  was,  an  effort  in  which  I  ex- 
pended more  than  a  year.  It  should  not,  therefore,  be  thought 
that  the  existence  of  a  critical  temperature  depends  upon  mathe- 
matical demonstation  or  that  it  may  be  fixed  by  mathematical 
analysis,  because,  if  my  views  are  correct,  the  critical  tempera- 
ture is  a  metallurgical  fact  which  is  determined  within  a  com- 
paratively narrow  range  by  the  circumstances  of  any  given 
case. 

In  conclusion,  it  is  probably  safe  to  repeat  that  the  great  ad- 
vantage of  the  dry-blast  is  its  dryness,  and  that  that  portion  of 
its  results  which  cannot  be  explained  directly  on  that  account 
alone  is  completely  accounted  for  by  the  moral  and  material 
secondary  advantages  which  come  from  it,  as  explained  above. 

C.  A.  Meissnbr,  New  York,  N.  Y.* : — I  have  listened  to  the 
reading  of  Mr.  Johnson's  paper  very  carefully,  and  I  can  so 
far  only  say  that  I  have  nothing  whatever  to  change  in  the 
notes  that  I  made  at  the  time.  I  think  that  a  careful  study 
and  analysis  of  the  wording  and  meaning  of  what  I  then. said 
will  practically  answer  most  if  not  all  of  Mr.  Johnson's  con- 
tentions. I  have  given  in  that  paper  purely  a  statement  of 
facts;  I  have  not  theorized,  but  have  given  the  facts  as  I 
found  them  after  more  than  two  years'  study  of  both  dry-blast 
and  normal  blast,  and  to  go  into  any  detailed  discussion  of 
Mr.  Johnson's  paper  would  only  be  taking  up  your  time,  be- 
cause, as  I  say,  I  cannot  change  any  of  the  facts  I  have  pre- 
sented. I  think  the  deductions  that  the  facts  have  shown  are 
good.  I  have  gone  over  them  again  recently  and  I  have 
nothing  whatever  to  change  in  them  at  this  time. 

Hbnry  M.  Howb,  New  York,  K  Y.*: — To  say  that  the* 
reason  why  dry-blast  causes  the  remarkable  fuel-saving  which 
has  been  shown  is  that  it  leads  to  regularity,  seems  to  me  abso- 
lutely no  explanation  at  all,  because  it  leaves  us  wholly  in  the 
dark  as  to  why  regularity  should  cause  so  great  a  saving  of 
fuel.    It  simply  pushes  the  question  one  step  further  off,  throw- 

*  Oral  diflcufleion  at  the  New  York  Meeting,  April,  1907. 
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ing  absolutely  no  light  on  the  question  of  the  true  cause  of  the 
saving  of  fuel. 

On  the  other  hand,  the  explanation  that  the  dry-blast  widens 
the  margin  between  the  temperature  developed  and  the  critical 
temperature  of  the  blast-furnace  operation,  as  put  forth  by 
Mr.  J.  E.  Johnson,  explains  the  saving  readily,  clearly  and  con- 
vincingly, at  least  if  we  couple  with  it  the  necessary  amend- 
ment which  I  have  oflfered.* 

Mr.  Johnson  : — I  wish  to  ^ay  that,  contrary  to  Mr.  Meissner's 
impression,  I  did  study  his  paper  and  conclusions  very  carefully 
before  I  wrote  my  own.  It  is  only  fair  to  say  that  he  had  the 
facts,  whereas  I  had  only  the  observation  of  allied  facts,  and  I 
was  exceedingly  careful  to  give  due  weight  to  that  evidence ; 
but  the  result  of  all  my  thought  on  the  subject  is  to  confirm 
my  original  conclusion  in  view  of  the  very  strong  case  Mr. 
Meissner  has  prepared,  and  in  my  paper  those  interested  will 
find  a  reason  why  there  is  a  lack  of  variation  between  dry-blast 
and  normal  blast  in  the  summer-  and  winter-conditions  in  the 
Pittsburg  region,  which  is  too  technical  to  go  into  here. 


*  Iron,  Sted  and  Other  AUoys,  by  H.  M.  Howe,  2d  edition,  pp.  457  to  475. 
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The  Vein-System  of  the  Standard  Mine,  Bodie,  Cal. 

BY  R.  OILMAN  BROWN,  LONDON,  ENGLAND. 
(New  York  MeeUng,  April.  1907.) 

Introduction. 

Mines  are  interesting  by  reason  of  what  they  have  done  for 
man,  or  of  what  has  been  done  for  them  by  nature.  Not  all 
are  interesting  on  both  scores.  Many  profitable  mines  are  com- 
monplace to  the  geologist ;  and  many  presenting  unique  geo- 
logical conditions  have  been  sad  failures  commercially. 

The  Standard  group  at  Bodie  has  produced  in  25  years, 
$14,500,000,  paying  $5,000,000  in  dividends.*  On  the  other 
hand,  this  output  has  been  mined  (almost  wholly  above  the 
1,000-ft.  level)  from  a  system  of  more  than  100  veins,  ranging 
in  thickness  from  0.5  in.  of  ''specimen  rock"  to  30  fl.  of  clay 
and  quartz;  distributed  through  a  zone  about  2,000  ft.  in 
width,  and  representing  from  three  to  five  distinct  periods  of 
formation.  This  group,  therefore,  by  reason  of  its  industrial 
record  as  well  as  its  geological  features,  may  fairly  be  regarded 
as  doubly  interesting. 

The  Bodie  district  occupies  an  island  of  recent  (Tertiary) 
homblende-andesite,  surrounded  by  a  complex  of  igneous  rocks 
and  breccias.  It  lies  at  the  summit  of  the  eastern  foot-hills  of 
the  Sierra  Nevada  mountains,  and  within  the  Great  Basin,  a 
few  miles  from  its  western  edge,  marked  here  by  Mono  lake  on 
the  line  of  the  Great  Fault.  The  average  elevation  of  the  out- 
croppings  of  the  veins  may  be  taken  at  about  8,700  fl.  The 
andesite  projects  from  south  to  north  in  a  great  tongue,  12,000 
fl.  long  and  5,000  fl.  wide,  reaching  an  extreme  height  at  the 
no^hern  end  of  perhaps  1,000  fl.  above  the  adjoining  small 
canyons.     These  separate  it  from  the  main  mass  of  the  foot-hill 


^  Regular  mining  began  practically  in  1879.  Down  to  1884,  the  gross  product 
waa  $7,662,000,  and  the  dividends  amounted  to  $3,525,000.  For  the  10  years,  in- 
dnding  1894,  the  record  was :  gross  product,  $1,996,000 ;  dividends,  $186,000  ; 
and  for  the  next  ten  years,  gross  product,  $3,101,000  ;  dividends,  $449,000. 
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complex  on  the  west,  the  north  and  the  east,  but  the  sooth  end 
of  the  tongue  is  rooted  into  the  complex.  Surface  indications 
point  to  a  Btruc^ural  line  of  separation,  rery  probably  a  line  of 
fault,  at  the  point  of  onion.  At  the  very  heart  of  this  andesite 
mai*s  lies  the  Standard  group  of  mines,  the  richest  and  most 
prrxluctive  of  the  district.  The  original  Standard  mine  con- 
si-fted  of  but  two  claims;  but  during  the  past  10  years  it  has 
come  to  include  the  properties  formerly  known  as  the  Bodie, 
Mono  and  Lent  Shaft,  on  the  south ;  the  Bulwer  and  Belvidere, 
on  the  west;  the  Bodie  Tunnel  and  Tioga,  on  the  north;  and 
the  Summit  and  Harrington  Tunnel  on  the  east — in  all  about 
200  acres.  Portions  of  the  surface  are  covered  with  large 
blocks  of  flinty  quartz,  of  low  value ;  there  is  also  much  debris, 
characterized  by  large  feldspar  (albite)  crystals.  I  have  ob- 
served a  single  straight  face  on  one  of  these  crystals  4  in.  long. 
This  remarkable  occurrence  is  found  as  well  in  the  upper 
workings,  where  the  well-defined  albite  crystals  are  associated 
with  quartz,  and,  in  more  than  one  specimen,  the  crystals  are 
mere  shells,  studded  internally  with  fine  prisms  of  quartz.  I 
have  never  identified  gold  in  association  with  the  feldspar,  but 
have  many  times  panned  out  gold  from  specimens  of  mixed 
quartz  and  feldspar.  My  impression  is  that  the  gold  occurs 
only  in  the  quartz.  Some  features  point  to  the  albite  as  a  sec- 
ondary constituent  of  the  veins.  But  it  cannot  easily  be  iden- 
tified deep  in  the  mine,  and  the  matter  has  not  received  much 
study,  so  that  no  definite  conclusions  have  been  reached  con- 
cerning it. 

In  the  main,  the  soil  is  thin;  but  along  two  lines  of  depres- 
sion crossing  the  property,  there  is  a  heavy  covering  of  what 
is  locally  known  as  blue  clay.  These  zones,  mentioned  later 
in  this  paper,  are  probably  due  to  surface  decomposition  of  the 
andesite  along  lines  of  shattering.  The  surface  is  devoid  of 
trees ;  but  it  is  interesting  to  note  that  a  section  of  silicified 
wood,  part  of  the  trunk  of  a  tree  that  must  have  been  14  in. 
in  diameter,  was  found  in  the  wash  below  the  Bulwer  shaft;. 

The  Vein-System. 

This  is  made  up  of  at  least  three  series :  in  the  order  of  their 
age,  the  Fortuna,  the  Incline  and  the  Burgess;  in  the  order 
of  their  yield,  the  Incline,  the  Fortuna  and  the  Burgess. 

[2] 


VEIN-SYSTEM    OP   THE   STANDARD    MINE,  BODIE,  CAL. 


689 


Fig.  1  is  a  generalized  sketch  in  cross-section  of  these  series 
with  their  modifying  dikes  and  faults.  The  oldest  series, 
the  Fortuna,  is  dislocated  by  each  of  the  succeeding  ones,  so 
that  its  veins  are  cut  up  into  short  segments.  The  resulting 
complexity  is  increased  by  the  divergence  of  strike,  which 
makes  of  each  disjointed  vein-segment  a  polygon  that  is  far 
from  a  parallelogram.  The  other  two  systems  are,  in  the 
main,  on  the  hanging-wall  and  foot-wall  sides,  respectively,  of  a 


Fig.  1. — Cross-Section  op  the  Vein-System  of  the  Standard  Mine. 


strong  line  of  fault — the  Moyle  "  foot-wall " — which  cuts  boldly 
through  the  mines.  A  few  unimportant  members  of  the 
Incline  series  are  found  to  the  west  of  this  fault,  but  none  of 
the  Burgess  veins  are  found  to  the  east  of  it,  unless,  as  is  only 
barely  possible,  the  enriching-veins,  of  which  mention  is  made 
later,  belong  to  this  series.  In  addition,  there  are  at  least  two 
dikes  faulting  the  Fortuna,  the  Red  Ledge  and  the  Bodie 
"fault."  Between  these  and  the  Incline  series,  no  intersec- 
tions have  been  developed  which  would  determine  their  rela- 
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tive  age.     They  are  several  hundred  feet  from  the  Burgess 
series,  and  probably  do  not  cut  any  of  its  members. 

The  ore  of  the  Fortuna  is  characterized  by  hard,  flinty,  at  times 
bluish,  quartz,  "  frozen  "  on  to  the  walls.  The  bullion  pro- 
duced has  the  largest  percentage  of  silver  of  any  of  the  series ; 
the  visible  gold  being  noticeably  light  in  color.  The  Incline  series 
shows  a  relatively  small  proportion  of  coarse  gold  and  stands 
lowest  in  silver  percentage ;  and  the  Burgess  is  characterized 
by  exceedingly  coarse  gold,  50  per  cent,  of  which  will  stay  in 
the  mortars  by  its  mere  weight,  without  the  aid  of  inside  amal- 
gamation. In  both  the  Incline  and  the  Burgess  series,  the 
quartz  is  well  banded  and  sharply  separated  from  the  walls. 

We  have  thus  three  sets  of  veins  occurring  in  close  juxtaposi- 
tion in  the  same  country-rock,  and  at  times  intersecting  one 
another,  yet  each  with  a  marked  peculiarity  of  gold  occurrence, 
and  each  so  distinct  in  the  appearance  of  its  quartz  that  hand- 
specimens  can  be  recognized  with  ease.  Added  to  this  is  the 
diversity  of  dip  and  strike,  making  it  as  difficult  to  ascribe  the 
Assuring  in  all  cases  to  the  same  set  of  forces,  as  the  gold  to  the 
same  source. 

The  Fortuna  Series, 

The  general  characteristic  of  this  series  is  a  strong  fissure,  at 
times  accompanied  by  andesitic  breccia,  on  one  or  the  other 
wall,  or  partly  silicified  in  the  vein,  as  if  the  mineralization  had 
followed  the  line  of  an  earlier  dike.  This,  however,  is  not  com- 
pletely demonstrated ;  nor  is  the  breccia  by  any  means  a  con- 
stant  feature.  Only  two  veins  of  this  series  have  been  pro- 
ductive (though  a  third,  unimportant  one  exists) — namely,  the 
Fortuna  and  the  Beehive,  which  yielded  the  richest  ore  of  the 
old  Bodie  mine.  The  later  vein-series  and  dikes  have  all  "  had 
their  fling  "  at  the  Fortuna ;  and  the  consequent  dislocations 
have  complicated  mining  operations  so  that  notwithstanding 
the  richness  of  the  veins,  superintendent  and  foreman  must 
have  been  kept  in  continued  uncertainty  and  anxiety;  and  it 
is  small  wonder  that  more  than  one  of  the  broken  segments 
was  overlooked  in  the  first  exploitation,  and  left  to  reward  the 
systematic  explorations  of  later  date.  At  one  place  on  the 
430-ft.  level  of  the  Bodie,  where  both  the  later  series  cross  the 
Fortuna,  the  latter  is  cut  three  times  in  the  same  plane  in  the 
same  cross-cut.    It  is  easy  to  imagine  the  excitement  that  must 
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have  reigned  when  what  probably  appeared  to  be  three  parallel 
veins,  all  of  great  richness,  were  exposed  at  short  intervals  in 
this  one  cross-cut. 

As  will  be  seen  in  Fig.  1,  the  Fortuna  is  the  only  vein  with 
marked  easterly  dip.  It  is  also  the  only  one  presenting  the 
characteristics  of  a  strong,  deep-reaching  zone  of  fissuring. 
Unfortunately,  this  permanency  is  of  structure  alone,  and  does 
not  extend  to  the  contents ;  for  in  the  lower  portions  the  vein 
rapidly  becomes  impoverished ;  sphalerite,  from  being  almost 
absent.,  increases  to  a  large  percentage;  gold  values  weaken 
and  almost  die  out ;  and  silver  diminishes  to  a  few  sparse  patches 
of  wire  in  masses  of  impure,  bluish  white  kaolin. 

Near  the  lower  boundary  of  the  "  bonanza  "  zone,  a  vertical 
vein,  the  Beehive  (Fig.  1),  characterized  by  extraordinary  silver- 
contents,  drops  from  the  Fortuna.  Only  a  few  inches  in  width 
and  cased  in  hard  rock,  it  was  worked  with  profit  some  150  ft. 
down.  In  the  bottom  it  became  poor  and  dwindled  to  a  mere 
"  marker."  Here  we  have  a  notable  occurrence :  a  vein  carry- 
ing good  gold-values  (the  bullion  ran  from  $9  to  $10  per  oz.) 
is  robbed  of  all  its  gold,  and  much  of  its  silver,  by  a  "  drop- 
per" characterized  principally  by  silver,  which  itself  soon 
"  peters  out,"  as  regards  both  fissure  and  contents — while  the 
original  vein  continues  down  into  the  earth  as  a  well-defined 
fissure,  marked  by  extensive  decomposition  of  the  walls  (a  fea- 
ture noticeably  absent  above,  where  flat  stopes  now  stand  open 
over  large  areas,  with  no  sign  of  weight  on  the  few  scattered 
old  timbers). 

The  Fortuna  has  been  explored  below  the  bonanza  zone  by 
at  least  three  levels  and  their  connecting  raises,  and  has  proved 
barren  for  a  considerably  greater  distance  on  the  dip  than  was 
productive  above. 

But  the  problem  presented  by  the  Fortuna  is  not  yet  fully 
stated.  The  bonanza  region  of  this  vein  was  most  strongly  de- 
veloped and  richest  where  the  veins  of  the  other  series  inter- 
sect it,  though  rich  ore  was  found  not  alone  on  thesjB  lines, 
and  it  does  not  appear  to  have  been  essential  that  the  bodies  in 
the  later  series  should  extend  down  to  the  Fortuna.  To  state 
the  situation  otherwise,  the  Fortuna  has  always  yielded  fine  ore 
at  zones  of  intersection  with  the  two  junior  series,  when  those 
series  carried  ore-bodies  above,  whether  the  junior  did  or  did 
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not  extend  to  the  horizon  of  the  Portuna,  Rich  zones  have 
heen  found  on  the  Fortuna  equally  up  and  down  the  dip  from 
the  intersections.  It  should  be  added  that  in  all  cases  which  I 
have  seen,  the  Fortuna  retained  its  characteristic  flint-like 
frozen  quartz,  and  the  junior  veins  their  characteristic  banded, 
more  porous  quartz.  At  the  same  time,  rich  ore  has  been 
found  in  the  Fortuna  100  ft  or  more  from  any  vein-crossings, 
as,  for  instance,  in  the  zone  above  the  Beehive,  east  of  any 
profitable  veins  of  the  Incline  series. 

This  generalization  regarding  ore-occurrence  was  acted  upon 
to  good  advantage  soon  after  the  consolidation  of  the  Bodie 
with  the  Standard.  The  Fortuna  had  been  considered  un- 
profitable, and,  indeed,  had  scarcely  been  recognized  within  the 
Standard  territory.  On  the  south  line  it  showed  as  a  most  un- 
promising seam  of  white  quartz.  Having  in  mind  that  its 
strike  would  bring  it  under  ore-bodies  then  being  worked  in 
the  Burgess  and  Maguire  veins,  a  drift  was  started  which,  in 
due  time,  opened  up  profitable  stopes. 

A  final  feature  of  interest  in  this  vein  is  to  be  found  in  the 
internal  crossings,  or  fractures,  occurring  within  the  body  of 
the  vein  itself,  and  not  extending  far,  if  at  all,  into  the  walls. 
In  most  cases  these  represent  lines  of  enrichment  on  one  side 
or  the  other;  if  the  stope  is  looking  well  one  of  these  crossings 
is  likely  to  '* queer"  it.  From  Fig.  2  a  fair  general  idea  can 
be  gained  of  the  appearance  of  a  face  in  a  Fortuna  stope. 

The  above  observations  indicate  that  if  there  was  secondary 
enrichment  resulting  from  the  intersections  of  the  veins,  it 
could  not  have  been  from  the  senior  to  the  junior  veins.  That 
there  was  an  enrichment  seems  probable,  from  the  association 
of  the  ore-bodies ;  and  it  is  not  unreasonable  to  suppose  that, 
since  the  bonanzas  in  the  Incline  and  Burgess  series  were  in  the 
oxidized  zone,  a  transfer  of  metal-contents  from  the  surface 
would  be  likely  to  occur,  passing  downward  into  the  underly- 
ing Fortuna,  and  that  the  currents  would  be  likely  to  follow  the 
lines  of  fracture  in  that  vein  now  showing  in  the  crossings, 
particularly  as  the  general  physical  character  of  the  vein  is 
"  tight."  It  seems  probable,  therefore,  that  the  Fortuna  was 
originally  a  silver- vein,  with  values  derived  from  below  through 
the  Beehive,  and  that  the  extinction  of  gold-contents  below 
the  Beehive  is  merely  a  coincidence  of  the  location  of  that 
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vein  at  the  lower  line  of  secondary  enrichment,  which  in  turn 
may  have  been  determined  by  the  ground-water  level,  to-day 
not  far  below  this  point.  This  presents  a  fair  working-theory, 
and  one  that  in  the  main  "  holds  water,"  though  it  gives  no  ex- 
planation of  the  thick  mass  of  decomposed  rock  disclosed  by  the 
deeper  workings  on  the  Fortuna  vein. 

The  profitable  zone  of  the  Fortuna  is  not  more  than  1,000  ft. 
long ;  to  the  northwest  the  vein  has  never  been  identified  with 
certainty  north  of  the  Standard  shaft,  though  there  is  in  the 
territory  of  the  New  Standard  a  nearly  vertical  vein  of  similar 
appearance  from  which  ore  has  been  taken  in  small  amount. 
To  the  southeast  it  has  been  followed  far  beyond  the  Mono 
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Fig.  2. — Face  in  a  Fortuna  Stope. 


shaft  into  a  region  of  decomposed  andesite,  indicated  on  the 
surface  by  the  gulch  and  depression  in  the  ridge  between  the 
Mono  shaft  and  that  of  the  old  Champion. 

One  can  hardly  leave  this  su^bject  of  the  much -faulted  For- 
tuna without  pointing  out  the  seeds  of  legal  complication  which 
have  here  failed  to  germinate.  Had  erosion  proceeded  a  little 
further,  and  had  unhappy  "  A  "  located  on  an  Incline  vein  (Fig. 
1)  and  equally  unhappy  "  B  "  located  on  the  Fortuna  just  to  the 
west,  and  yet  more  unhappy  "  C  "  located  on  the  Moyle  foot- 
wall,  it  is  hard  to  see  where  conflicts  of  title  could  have 
stopped  among  the  entangled  extralateral  rights  and  artificial 
end-lines.     As  a  matter  of  fact,  I  know  not  how,  under  the 
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conditions  that  actually  obtained,  litigation  was  escaped.  The 
Fortuna  apex  had  not  been  identified,  but  six  or  eight  narrow 
locations  were  made  over  it,  on  the  veins  of  the  junior  series. 
It  was  a  rare  piece  of  good  fortune  for  the  mine  and  the  camp 
that  these  were  merged  into  the  property  of  the  Bodie  Consoli- 
dated Mining  Co. 

The  Incline  Seiies. 

An  idealized  cross-section.  Fig.  3,  shows  the  striking  struc- 
tural features  of  the  veins  of  this  system.   More  than  once  they 


Fig.  3. — Cross-Section  of  the  Veins  of  the  Incline  Series. 

have  been  classed  as  gash-veins,  in  distinction  from  fissures, 
and  it  may  be  that  this  is  the  case,  though  the  evidence  is  not 
all  that  way.  Their  marked  characteristic  is  the  fading-out  of 
values  at  about  the  500-ft.  horizon,  but  I  do  not  know  of  a 
single  instance  where  the  continuation  of  the  vein  has  been  dis- 
proved, while  in  one  case,  at  least,  that  of  the  Gildea,  the  vein 
is  found  in  normal  width  and  appearance  below  the  Fortuna, 
at  some  700  ft.  depth.  As  we  now  see  them,  many  of  this  ser- 
ies have  no  chance  to  reach  depth,  being  cut  off  by  the  great 
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faalt-line,  called  the  Moyle  foot-wall.  There  is  nothing  to  show 
the  extent  of  motion  on  this  fault,  but  while  it  has  apparently 
been  large,  since  the  zone  of  comminution  is  thick,  running 
from  10  to  40  ft.,  and  many  of  the  veins  are  curled  up  on  it  in 
great  masses  of  broken  quartz  (Fig.  8),  evidence  from  the  For- 
tuna  region,  to  be  given  later,  is  contradictory.  As  an  argu- 
ment for  the  gash-vein  hypothesis,  it  should  be  noted  that  there 
are  no  veins  below  this  fault  corresponding  to  the  Incline  series 
above. 

There  is  some  evidence  that  there  are  at  least  two  groups  of 
diflferent  age  included  in  the  Incline  series.  This  is  found  in 
the  marked  dissimilarity  of  the  vein-filling.  One  set  is  char- 
acterized by  massive  beautifully  banded  flint-like  quartz,  at 
times  in  a  firm  vein  and  at  times  badly  cracked,  but  always  as- 
sociated with  quantities  of  red  ocherous  clay,  such  as  would  be 
derived  from  wall-attrition  in  feldspathic  rock.  Fine  sharp 
chips  of  the  same  quartz  can  be  washed  from  the  mass,  and 
there  is  little  doubt  that  the  values  this  stuff  carries  come  from 
these  chips.  In  these  veins  rarely  are  both  walls  well  defined. 
The  Main  Standard  and  Incline  veins  are  instances  of  this 
group.  The  other  is  characterized  by  less  clay  and  by  well 
banded,  rather  porous  quartz,  noticeably  soft  and  at  times 
crumbly,  as  if  crushed  by  weight  rather  than  attrition.  I  have 
come  across  no  intersection  that  would  decide  the  question  of 
contemporaneity,  but  in  some  instances  the  two  sets  are  close 
neighbors,  as  is  the  case  with  the  Incline  and  the  Bullion.  Here 
it  seems  unlikely  that  had  the  Bullion  existed  at  the  time  the 
Incline  was  grinding  on  its  walls,  it  could  have  escaped.  The 
probability  clearly  is  that  the  Incline  series  is  composed  of  two 
groups,  if  not  three.  Accepting  this,  it  is  to  be  noted  that  in 
the  later  group  there  is  a  sparse  scattering  of  black  oxide  of 
manganese;  in  one  vein  indeed  it  was  such  a  marked  presence 
that  the  name  Black  Ledge  came  as  an  inevitable  consequence. 

I  have  said  that  the  values  in  these  veins  fail  at  about  the 
500-ft.  horizon.  This  is  the  lowest  level  at  which  veins  of  this 
series  have  been  profitable  and  the  general  average  would  be 
100  ft.  higher.  This  unfortunate  fact  has  been  largely  oftset 
by  the  multiplicity  of  veins,  and  the  regularity  with  which  ore- 
shoots  parallel  each  other  in  different  veins  in  the  pay-zone. 
Many  times  has  this  recognized  condition  been  the  basis  of 
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profitable  development — e.  g.j  the  discovery  of  an  important 
ore-body  by  a  cross-cut,  run  on  the  318-ft.  level  to  cut  a  vein 
that  showed  nothing  of  value  on  the  level  below,  merely  be- 
cause parallel  veins  had  turned  out  well. 

In  veins  of  the  later  group  of  this  series  it  is  difficult  to  de- 
termine the  value  of  the  ore  by  inspection,  though  gold  shows 
readily  in  the  horn.  Indeed,  it  was  for  a  long  time  obscure 
to  me  what  caused  the  sudden  fall  in  values,  often  occur- 
ring in  raise  and  stope  in  their  upward  course.  Many  times  it 
happened  that  we  got  into  old  workings  and  found  the  top  of 
the  stope  with  a  good  face  of  fine-looking  quartz  that  would 
assay  but  a  dollar  or  so ;  and  it  was  only  by  the  closest  inspec- 
tion of  the  physical  conditions  that  the  question  was  answered 
and  incidentally  many  thousand  dollars  more  won  from  the 
mine.  In  all  of  these  cases  small  veins  or  "  enrichers  "  have 
been  found  branching  off,  generally  into  the  foot-wall,  and  car- 
rying very  high  values.  These  were  followed,  some  hundred 
feet  or  more  at  times,  each  yielding  perhaps  half-a-ton  of  high- 
grade  rock  per  man  per  month.  The  presence  of  these  "en- 
richers "  once  established,  it  was  comparatively  easy  to  identify 
them  in  the  poorer  mass  of  the  vein  below.  Fig.  4  shows  a 
typical  instance  of  what  I  have  described,  and  clearly  indi- 
cates that  veins  that  were  very  low  grade  at  first  have  been 
enriched  by  the  later  formation  of  small  high-grade  seams  in 
their  mass.  That  these  are  not  confined  to  the  older  veins,  but 
branch  out  and  up  into  the  country-rock,  argues  that  they  are 
veritable  later  veins,  and  not  merely  segregations  by  surface- 
leaching  from  the  original  contents  of  the  larger  veins.  Their 
smallness  and  high  grade  would  seem  to  point  to  their  belong- 
ing to  the  Burgess  series,  which  remains  to  be  described.  But, 
having  some  of  the  Burgess  characteristics  they  lack  others 
— namely,  the  coarseness  of  the  gold  and  the  character  of  the 
quartz.  Moreover,  no  noticeable  faulting  is  accomplished  by 
them ;  so  that  I  rather  think  they  constitute  a  third  group  of 
the  Incline  series. 

It  must  not  be  understood  that  all  the  veins  of  the  second 
group  of  the  Incline  series  owe  their  chief  value  to  these  "  en- 
riching "  seams ;  that  they  do  not  there  is  abundant  evidence. 

All  the  veins  of  the  Incline  series  dip  west.  The  typical 
width  is  from  14  to  20  in.     Their  walls  are  well  defined  and 
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good.  In  their  neighborhood  the  country  andesite  is  thor- 
oughly oxidized,  unlike  the  andesite  around  the  Fortuna^ 
which,  even  at  high  levels  and  when  much  decomposed,  shows 
no  iron  stain  and  exhibits  bright  crystals  of  pyrite.  A  few 
unimportant  individuals  of  this  series  lie  below  the  Moyle  foot- 
wall.  The  albite  crystals  alluded  to  were  found  near  the  sur- 
face in  veins  of  this  series.    Another  mineral  peculiarity  was  a 


Fig.  4.— Typical  Enriching  Vein. 

local  occurrence  of  nearly  pure  crystalline  calcite,  filling  the 
full  width  of  the  Bullion  vein,  on  the  260-ft.  level. 

The  Burgess  Series. 
If  we  exclude  the  "  enriching  "  veins  from  this  category,  as 
seems  proper,  all  of  these  veins  lie  below  the  Moyle  foot-wall. 
They  are  small,  nearly  vertical  veins,  characterized  by  a  slightly 
banded  structure,  at  times  comb-like  on  an  axial  line  and  fre- 
quently with  a  rich  scale  of  hard  quartz  frozen  on  one  of  the 
walls.     This  is  so  important  a  feature  that  many  of  the  old 
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stopes  have  been  cleaned  out  and  the  scale  removed  by  "  pop 
shots"  and  moyle-and-hammer  work  at  good  profit.  There 
is  also  at  times  a  remarkable  occurrence  of  "  shale  "  on  one  of 
the  walls  that  is  an  unfailing  indication  of  rich  rock.  What 
this  is,  I  am  not  sure :  it  has  the  appearance  of  a  dried  clay, 
mixed  with  sand,  and  shows  in  films,  say  one-sixteenth  inch 
thick,  suggesting  an  attrition-product.  The  wall-rock  of  these 
veins  is  noticeably  less  oxidized  than  that  of  the  preceding 
series — naturally  so,  when  it  is  remembered  that  few  of  these 
reach  the  surface,  so  that  down-flowing  waters  are  diverted 
into  the  more  permeable  fractured  zone  of  the  Moyle  foot-wall. 
So  rich  have  been  some  of  these  seams  that  more  than  once 
has  a  width  of  0.6  in.  been  worth  stoping.  On  the  other 
hand,  though  the  veins  are  characteristically  narrow,  at  times 
values  have  been  found  some  distance  out  in  the  country-rock. 
This  was  notably  the  case  with  the  Burgess  bonanza,  dis- 
covered on  the  Bodie  300-ft.  level,  south  of  the  Standard  line. 
The  late  John  Broderick,  for  years  foreman  of  the  Bodie,  told 
me  that  when  this  was  discovered  the  miners  were  preparing 
to  discard  the  "  porphyry  "  as  waste,  when  he  detected  in  it  a 
generous  sprinkling  of  coarse  gold.  This  bonanza  was  mined 
for  some  12  feet  in  width,  and  its  location,  only  some  30  feet 
above  the  Fortuna,  makes  it  probable  that  its  richness  was  due 
to  secondary  enrichment  from  upper  portions  of  the  Burgess, 
according  to  the  hypothesis  already  proposed  regarding  the  en- 
richment of  the  Fortuna. 

Not  infrequently,  angular  pieces  of  andesite  are  found  en- 
tirely surrounded  by  the  vein  quartz.  The  andesitic  breccia, 
which  has  been  mentioned  as  found  at  times  in  one  of  the  walls 
of  the  Fortuna,  is  here  also  in  evidence,  and  sometimes  con- 
tains chips  of  a  close-grained,  coal-black  rock,  which  does  not 
occur  in  massive  form  elsewhere  in  the  mine  or  neighborhood. 
No  microscopic  determination  has  been  made  of  it,  but  macro- 
scopically  it  would  be  considered  a  basic  trap.  It  has  clearly 
been  picked  up  from  some  distant  rocks  by  the  viscous  breccia. 

The  veins  of  the  Burgess  series  have  not  been  profitable  for 
so  great  a  distance  along  the  strike  as  those  of  the  Incline. 
Their  "  pay  "  has  been  included  between  east  and  west  planes 
some  600  ft.  apart,  as  against  3,000  ft.  for  the  Incline.  About 
1,000  ft.  on  the  Fortuna  has  been  profitable. 

[12] 


VBIN-SYSTBM    OF   THE   STANDARD   MINE,   BODIE,  CAL. 


599 


The  Moylb  Foot-Wall. 
Little  remains  to  be  said  of  this.  It  shows  now  as  a  scarp 
from  10  to  15  ft.  high,  west  of  the  Standard  shaft,  where  the 
ground  has  settled  on  to  the  big  stopes.  This  scarp  extends  for 
1,500  ft.,  and  is  a  striking  feature  of  the  topography.  Under- 
ground, the  action  of  the  fault  has  been  to  roll  up  the  ends  of 
the  veins  it  cuts  into  big  arches  of  crushed  ore,  (See  Fig.  5.) 
To  the  north  it  dies  out  in  the  dead  zone,  but  what  becomes  of 
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Fig.  5. — Effect  of  the  Moyle  Foot- Wall  Underground. 


it  to  the  south  is  still  a  matter  of  speculation,  as  its  intersection 
with  the  Fortuna,  which  it  must  fault,  has  not  been  identified. 
I  rather  think  that  this  obscuration  may  be  because  it  has  fol- 
lowed the  line  of  some  other  vein  in  crossing  the  Fortuna.  If 
that  is  the  case,  the  dislocation  has  not  been  great;  and  even 
allowing  a  gyratory  motion  on  the  fault — and  some  facts  point 
to  this — it  cannot  have  been  an  extensive  motion.  This  point 
has  already  been  touched  upon  in  the  description  of  the  Incline 
series. 
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The  Dead  Zones. 
There  are  two  dead  zones  lying  east  and  west  across  the  an- 
desite  ridge,  one  to  the  south  of  Mono  shaft,  and  the  other  some 
2,600  ft.  north  and  800  or  900  ft.  north  of  the  Standard  shaft 
Both  of  these  show  on  the  surface  as  depressions  and  gulches 
on  the  westerly  slope.  Underground,  they  are  characterized 
by  heavy  decomposition  of  the  country-rock,  and  within  their 
area  no  ore  has  been  found,  and  most  of  the  veins  deteriorate  to 
mere  discolored  seams.  In  the  southern  one,  exploration  on  the 
Fortuna  has  been  pressed  for  a  long  distance,  yielding  in  places 
fine  crystals  of  gypsum,  evidently  a  secondary  product  In  this 
connection  it  should  be  remarked  that  in  the  Gildea  vein  small 
plates  of  the  same  have  been  found.  It  is  probable  that  these 
zones  have  been  determined  by  fracture  lines,  along  which  the 
rock  has  been  brecciated.  The  absence  of  quartz-fragments 
argues  that  these  fractures  antedate  the  Fortuna,  and  the  fe-ct 
that  the  Fortuna  and  other  fissures  weakly  enter  the  zone  is 
what  would  be  expected,  for  no  fissure  or  line  of  circulation 
could  be  conceived  as  staying  open  in  a  pulpy  mass  such  as  this 
is  to-day.  Beyond  the  northern  one  of  these  zones,  the  veins 
come  in  again  of  good  value,  but  in  transit  they  have  lost  their 
identity  and  generally  reversed  their  dip ;  the  other  character- 
istics are  unaltered. 

Dikes. 

No  careful  study  has  been  made  of  these,  since  they  do  not 
seem  to  have  affected  the  mineralization.  The  principal  one  is 
the  "  Bed  Ledge,"  a  breccia  too  decomposed  for  easy  determi- 
nation. Where  it  cuts  the  Fortuna  it  is  about  4  ft.  wide,  and 
stained  red.  Assays  of  from  40  to  60  cents  gold  per  ton  are 
common  from  it.  No  intersection  with  veins  of  the  other  series 
has  been  developed ;  hence  its  true  chronological  position  can- 
not be  assigned. 

Air-Cracks. 

Open  air-courses  in  the  country-rock  are  common,  particu- 
larly in  the  northern  end  of  the  territory;  these  may  show  a 
slight  faulting  of  the  veins.  They  have  been  found  up  to  6  in. 
in  width,  with  an  air-current  strong  enough  to  extinguish  a 
candle,  and  have  been  sufficiently  frequent  to  assist  effectively 
in  ventilation.  The  deepest  one  of  which  I  have  record  was 
some  300  ft.  from  the  surface,  east-and- west  in  course  and  nearly 
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vertical.  They  represent  the  last  of  the  fissuring  periods  by 
which  the  ridge  has  been  visited,  but  it  is  not  safe  to  assign  to 
them  oft-hand  the  same  deep-seated  causes.  Where  they  are 
especially  prominent  the  ridge  is  nearly  1,000  ft.  above  the  can- 
yon, and  precipitous,  so  that  they  may  easily  be  due  to  frost 
and  the  settling  of  the  rock  towards  the  free  face  of  the  end  of 
the  ridge. 

ResumIb. 

In  this  interesting  vein-system,  we  have  within  an  area  1,000 
ft.  by  4,000  ft.  eight  or  nine  successive  sets  of  fissures,  five  of 
which  are  ore-bearing.  The  Portuna  series,  the  oldest,  is  much 
faulted,  and  probably  was  originally  a  silver-vein,  and  owes  its 
chief  gold-contents  to  secondary  enrichment  from  the  faulting 
veins.  The  Incline  series  comprises  three  groups,  part  of  the 
value  of  the  second  coming  from  the  small  enriching  seams  of 
the  third.  The  Burgess  series  is  still  later.  Beside  these  there 
are  the  great  fault  of  the  Moyle  wall,  the  dikes,  the  dead  zones 
and  the  air-cracks,  most  of  which  are  so  interlocked  and  crossed 
as  to  give  definite  evidence  as  to  their  relative  ages. 
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Laboratory  Experiments  in  Lime-Roasting  a  Galena- 
Concentrate. 

A  Discussion  of  the  Paper  of  H.  O.  Hof  man,  B.  P.  Reynolds  and  A.  E.  Wells, 

read  by  title  at  the  London  Meeting,  July,  1906 ;  presented  at  the  New 

York  Meeting,  April,  1907,  and  printed  in  BUMonthly  BuUetifiy 

No.  13,  January,  1907,  pp.  37  to  62. 

George  A.  Packard,  Boston,  Mass.  (communication  to  the 
Secretary*) : — The  very  interesting  results  obtained  by  Prof. 
Hofman  and  his  assistants  came  to  my  attention  when  I  had 
temporarily  assumed  charge  of  the  metallurgical  department 
of  the  Missouri  School  of  Mines,  and  had  found  it,  pending  the 
completion  of  a  new  building,  lacking  a  furnace  in  which  to 
roast  ore  preparatory  to  the  customary  lead  blast-fiirnace  run. 
An  attempt  at  lime-roasting  had  been  already  determined 
upon,  but  the  use  of  a  charge  which  would  make  a  slag  of  defi- 
nite composition  was  a  new  idea.  The  results  following  were 
obtained  by  Messrs.  Aubrey  Fellows,  J.  C.  Long,  E.  R.  Wash, 
and  Dr.  T.  0.  Tseung,  under  my  supervision.  It  is  regretted 
that  the  data  are  not  more  complete ;  but  the  work  was  done 
simply  incidentally  to  securing  the  desired  ore  for  the  blast- 
furnace, with  no  idea  of  obtaining  any  results  of  especial  in- 
terest. It  is  submitted  because  of  the  metallic  lead  obtained, 
no  notice  of  which  has  been  seen  elsewhere. 

The  ore  was  an  aggregate  of  several  lots  of  concentrates,  ap- 
parently from  Missouri  ores.  The  analysis  follows,  with  that 
of  the  limestone  and  sandstone  used,  as  far  as  made :  Ore, 
SiO„  3.04;  Fe,  0.77;  CaO,  2.53;  Pb,  68.74;  Zn,  5.77;  S,  13.9 
per  cent.;  limestone,  SiO,,  1.0;  CaO,  54.35  per  cent.;  sand- 
stone, SiO„  99.8  per  cent. 

The  converter  was  made  in  the  shops  from  a  sheet  of  No.  14 
iron  riveted  in  the  shape  of  a  truncated  cone,  20  in.  in  diameter 
at  the  top,  15  in.  at  the  bottom  and  22  in.  high.  A  grate  of 
No.  8  iron,  17  in.  in  diameter,  with  130  f-in.  holes  placed  at 
about  1.25-in.  centers,  was  held  in  place  by  the  shape  of  the 
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converter  about  4  in.  above  the  bottom.  This  converter  was  set 
over  a  low  brick  flue,  9  in.  square,  into  the  bottom  of  wliich  air 
was  delivered  by  a  1.5-in.  air-pipe.  After  the  first  run  the  air 
was  supplied  by  a  Laidlaw-Dunn-Gordon  compressor  having  an 
8-in.  stroke  and  a  13-in.  cylinder,  running  120  to  132  rev.  per 
min.  All  of  this  air  passed  through  the  ore  excepting  what  a 
0.5-in.pipe  would  deliver  to  the  hood  to  carry  oft' the  fumes  by 
forced  draft. 

The  arrangements  for  starting  the  roast  were  the  same  as  de- 
scribed by  Prof.  Hofman,  excepting  that  coke  was  used  in  place 
of  charcoal  in  the  first  run. 

The  first  charge  was  made  up  of  229  lb.  of  ore  with  20  per 
cent,  of  limestone  and  20  lb.  of  silica,  giving  a  silicate  degree 
of  oxygen  of  base  to  acid  of  1.6  to  1.  Ore,  lime  and  silica 
were  mostly  of  3-mm.  size,  but  all  contained  perhaps  10  per 
cent,  of  larger-sized  slab-shaped  pieces  which  had  passed  the 
rolls  set  to  J  in.  Coke  was  used  in  place  of  charcoal  for  start- 
ing the  reaction.  In  this  case  the  air  was  supplied,  through  a 
connection  with  a  furnace-tuyere,  from  a  Xo.  1  Baker  blower, 
and  not  over  4  in.  of  water-pressure  was  obtainable. 

Sulphurous  fumes  were  evolved  slowly  and  the  total  time  was 
about  2  hours,  though  but  little  sulphur  was  noticeable  after  35 
minutes.  Examination  of  the  resulting  mass  showed  it  to  be 
only  partly  sintered  and  but  15  per  cent,  of  the  sulphur  elimi- 
nated. Evidently  finer  crushing,  more  blast,  or  some  other 
change  was  necessary.  After  picking  ofl'  all  the  adhering  coke 
this  whole  mass  was  now  re-crushed  to  3-mm.  size,  and  again 
charged  into  the  converter,  the  compressor  supplying  air  for 
the  second  run.  The  only  difference  in  composition  between 
this  and  Ko.  1  was  the  small  amount  of  sulphur  expelled,  and 
an  increase  of  perhaps  50  per  cent,  in  the  limestone  from  that 
used  under  the  first  charge  which  adhered  to  the  sintered  mass 
and  was  re-crushed  with  it.  The  result  showed  the  sulphur  in 
the  charge  reduced  to  2.6  per  cent.,  but  a  large  amount  of  me- 
tallic lead  was  obtained.  This  was  not  separated,  but  was  esti- 
mated to  be  equal  to  at  least  10  per  cent,  of  the  total  lead  in 
the  charge. 

A  series  of  experiments  was  now  undertaken  with  a  view  to 
obviating  this  difficulty.  While  it  is  possible  that  the  lead 
might  be  reduced  by  the  action  of  lime,  it  seemed  probable 
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that  owing  to  the  small  amoant  of  silica  present,  about  8  per 
cent.,  the  reactions  were  those  of  the  "  roast  and  reaction  pro- 
cess," the  lead  salphate  and  oxide  reacting  with  the  sulphide 
to  give  metallic  lead.  These  experiments  were  carried  on  in  a 
clay  crucible  similar  to  that  used  by  Prof.  Hofman,  and  1  kg. 
was  the  unit  of  ore  used. 

Series  A  was  run  with  low  silica,  about  9  per  cent,  of  the 
charge,  and  40  per  cent,  of  limestone,  having  an  oxygen  ratio 
of  base  to  acid  of  1.5  to  1.  The  pressure  varied  from  2  in.  to 
8  in.  of  water.  The  amount  of  lead  obtained  in  the  metal- 
lic form  on  a  100-mesh  sieve  varied  from  0.11  to  2.85  per  cent, 
of  the  total  lead  present,  the  highest  with  the  lowest  pressure. 

Series  B  was  run  with  low  silica,  about  9  per  cent,  of  the 
charge,  but  only  20  per  cent,  of  limestone  added,  giving  ap- 
proximately a  singulo-silicate  ratio  when  the  lime  in  the  ore  is 
included.  The  result  was,  from  1.43  to  3.03  per  cent,  of  the 
total  lead  was  obtained  in  metallic  form,  but  in  this  case  the 
highest  per  cent,  was  obtained  with  the  highest  pressure. 

Series  C  was  run  with  high  silica,  17  per  cent,  of  sandstone 
added,  and  enough  lime  to  give  a  singulo-silicate  ratio,  includ- 
ing the  silica  and  lime  in  the  ore.  In  this  series  no  metallic 
lead  was  obtained. 

A  single  additional  experiment,  with  12  per  cent,  of  sand- 
stone added  and  limestone  proportioned  as  in  series  C,  gave 
0.39  per  cent  of  metallic  lead  on  a  lOO-mesh  screen. 

The  amount  of  sulphur  eliminated  varied  in  the  tests  from 
48.8  to  75.5  per  cent.,  though  it  was  below  61  per  cent  in  only 
two  out  of  ten  runs.  Our  results  in  this  connection  seem  too 
variable  to  serve  as  a  basis  for  conclusions  as  to  the  effect  of 
varying  pressure,  especially  in  the  cases  where  metallic  lead 
was  obtained.  The  same  condition  seems  to  exist  in  the  results 
published  by  Prof.  Hofman.  Thus  4,  4a  and  4b,  using  10-,  2- 
and  10-in.  pressure  respectively,  show  less  variation  between 
the  first  10-in.  pressure  and  the  2-in.  than  between  the  two 
having  the  same  pressure.  In  our  series,  with  no  lead  formed 
and  pressure  being  3.6, 6  and  9  in.,  we  obtained  an  elimination 
of  61.9, 65.9  and  73.8  per  cent  of  sulphur,  but  working  in  these 
small  crucibles  it  seems  possible  the  amount  of  charcoal  pres- 
ent at  the  start  might  affect  results.  We  might  also  add  that 
the  desulphurization  was  quite  as  good  in  series  C  with  high 

[3] 


606  LIME-ROASTING    A    GALENA-CONCENTRATE. 

lime  as  in  B  with  low  lime.      But  here  again  we  have  another 
variable,  as  the  silica  was  also  increased. 

For  uSy  the  most  practical  result  of  these  tests  was  the  elimi 
nation  of  the  metallic  lead,  a  result  which  was  confirmed  by 
three  subsequent  300-lb.  charges  in  the  sheet-iron  converter, 
using  15  per  cent,  of  silica  in  the  charge. 

Our  conclusions  were,  that  with  this  ore,  with  less  than  12 
per  cent,  of  silica  present,  a  considerable  amount  of  metallic 
lead  might  be  obtained ;  and  also  that  our  results  on  this  ore 
did  not  confirm  the  results  obtained  by  Prof.  Hofman  on  the 
CoBur  d'Alene  ore  as  to  the  percentage  of  lime  and  the  pressure 
giving  the  best  desulphurization.  Whether. in  working  on  ores 
very  low  in  silica  the  amount  of  metallic  lead  might  be  in- 
creased to  a  point  where  this  lead  would  be  a  product  worthy 
of  separation  would  be  interesting  to  know. 

H.  0.  Hofman,  Boston,  Mass.  (communication  to  the  Secre- 
tary*) : — The  conclusions  arrived  at  by  Mr.  G.  A.  Packard  in 
his  experiments  of  lime-roasting  a  galena-concentrate  contain- 
ing SiO„  3;  and  Pb,  69  per  cent,  bring  out  several  interesting 
points. 

In  showing  that  it  requires  the  presence  of  12  per  cent  of 
silica  to  prevent  the  liberation  of  metallic  lead,  he  calls  to  mind 
a  similarity  between  the  results  of  lime-roasting  and  slag-roast- 
ing the  same  class  of  ore  in  a  hand-reverberatory  roasting-fur- 
nace. 

When  I  was  connected  with  the  smelting-plant  at  Mine  La 
Motte,  Mo.,  in  1881,  it  was  necessary  not  only  to  add  enough 
silica  to  the  galena-concentrate  to  obtain  a  roasted  product 
with  15  per  cent,  of  silica,  if  the  separation  of  lead  was  to  be 
avoided,  but  to  give  special  attention  to  a  careful  mixing  of  ore 
and  sand,  and  to  a  thorough  rabbling  while  the  charge  was  pass- 
ing through  the  furnace,  as  some  lead  would  separate  out  in  spite 
of  the  large  addition  of  sand,  if  these  two  points  were  not  atr 
tended  to.  An  examination  of  the  older  analyses  of  slag-roasted 
ore  and  of  the  more  recent  ones  of  ore  that  has  been  only  ag- 
glomerated reveals  the  fact  that  the  quantity  of  silica  rarely 
goes  below  15  per  cent. 

♦  Received  May  8,  1907. 
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This  intimate  contact  of  silica  and  galena  being  essential  for 
satisfactory  work  in  the  hand-reverberatory  furnace,  furnishes 
one  important  reason,  of  the  many  that  are  possible,  why  the 
results  in  lime-roasting  a  galena,  with  6.6  per  cent,  of  gangue, 
of  which  3  per  cent,  is  silica,  when  mixed  with  sand  may  difter 
from  those  of  a  galena-concentrate  containing  33  per  cent,  of 
acid  gangue,  of  which  18.6  per  cent,  is  silica. 

The  idea,  suggested  by  Mr.  Packard,  of  lime-roasting  a 
galenarconcentrate  very  low  in  silica  without  the  addition  of 
siliceous  matter,  with  the  object  of  recovering  part  of  the  lead 
in  the  metallic  state,  does  not  appear  to  offer  any  advantages  on 
account  of  the  inherent  loss  of  lead  by  volatilization,  the  im- 
perfect elimination  of  sulphur,  and  the  difficulty  of  recovering 
the  metal. 

As  soon  as  metallic  lead  separates  out  in  slag-roasting,  the 
fumes  passing  off  by  the  chimney  show  this  at  once.  The  loss 
is  sufficiently  large  to  have  prompted  the  uniform  practice  of 
avoiding  it.  Something  similar  will  occur  in  lime-roasting. 
Even  supposing  the  separation  of  lead  to  be  permissible  with 
non-argentiferous  galena,  it  would  be  inadmissible  when  the 
galena  carried  any  silver,  as  the  loss  in  precious  metal  would 
be  too  great. 

In  lime-roasting,  the  charge  becomes  scorified ;  and  scorified 
material  gives  an  imperfect  reduction  of  lead  oxide  and  lead 
sulphate  by  lead  sulphide ;  hence  the  elimination  of  sulphur  by 
the  operation  would  be  unsatisfactory. 

There  is,  finally,  the  difficulty  of  separating  the  metallic  lead 
from  the  lime-roasted  ore.  While  some  of  it  may  trickle  down 
through  the  charge,  and,  after  passing  through  the  openings  in 
the  grate,  may  be  removed  from  the  bottom  of  the  converting- 
vessel,  the  bulk  will  remain  disseminated  through  the  roasted 
material.  As  this  has  to  be  smelted  in  the  blast-furnace,  there 
will  be  a  decided  loss  in  lead  when  the  charge  descends  in  the 
furnace,  which  everybody  has  experienced  who  has  been  forced 
to  add  bars  of  lead  to  his  smelting-mixture  in  order  to  keep  hot 
the  lead  in  the  crucible. 
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Piping  and  Segregation  in  Steel  Ingots. 

A  Difonsdon  of  the  paper  of  Professor  Howe,  presented  at  the  London  Meeting, 

Julj,  1906,  and  printed  in  Bi-MmUhly  BuUetiUy  No.  14, 

March,  1907,  pp.  169  to  274. 

SECBvrABT's  Note. — M.  Beatter's  introductory  remarks,  being  simply  a  risunU 
of  Prof.  Howe's  paper,  with  a  disclaimer  of  the  intention  to  criticise  it,  have  been 
omitted,  and  the  remainder  of  this  contribution  has  been  somewhat  condensed, 
without  omitting  any  essential  statements. 

M.  Beutter,  St.Etienne*  (communication  to  the  Secretaryf) : — 
Professor  Howe  observes  in  paragraph  47  of  his  paper  that  the 
fluid-compression  of  steel  diminishes  piping  by  forcing  the 
liquid  and  viscous  metal,  while  the  pipe  is  forming,  or  after  it 
has  formed,  into  the  space  so  produced,  and  proceeds  to  study 
the  different  systems  of  compression,  alluding  to  the  four  prin- 
cipal ones:  Whitworth,  Illingworth,  Williams,  and  Harmet. 

Having  now  for  many  years  had  in  use  the  last-named  pro- 
cess, that  of  M.  Henri  Harmet,  I  shall  attempt  to  e2q)lain  the 
diflference  between  it  and  the  three  other  processes  named. 

The  Harmet  process  does  not  diminish  or  close  the  pipe  after 
it  has  formed,  but  prevents  it  from  forming ;  and  I  may  add  that 
it  is  the  only  one  of  the  four  which  produces  this  result. 

It  is  true  that  the  Whitworth  process  diminishes  the  interior 
hollow  by  localizing  it  around  the  central  axis  of  the  ingot, 
which  is  afterwards  removed  by  trepanning  the  hollow  forg- 
ings  for  which  this  process  has  been,  I  believe,  always  exclu- 
sively used.  The  Illingworth  and  Williams  processes,  which, 
in  my  opinion,  are  applicable  only  to  small  ingots,  of  necessity 
allow  the  pipe  to  form,  or  (to  use  the  expression  of  Professor 
Howe)  they  allow  the  surface  of  the  lake  of  liquid  steel  to 
sink  into  the  interior  of  the  ingot,  since  they  involve  waiting 
a  certain  time  before  compression,  so  that  (in  the  case  of  the 
Williams  process)  the  ingot-mold  can  be  opened  without  dan- 
ger, or  (in  the  case  of  the  Illingworth  process)  so  as  to  avoid 
the  risk  that  the  steel  may  enter  the  grooves  produced  by  the 
removal  of  the  distance-bars.     During  the  time  required  for 

*  Chief  Engineer  at  the  Fonderies,  Forges  A  Acieries  de  St.  Etienne. 
t  Received  Jan.  25,  1907,  and  translated  bj  Franck  E.  D.  Adand. 
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the  formation  of  the  exterior  skin  of  the  ingot  the  level  of  the 
interior  lake  of  steel  has  certainly  sufficient  opportunity  to 
sink ;  and  compression,  ultimately  applied,  by  either  the  Uling- 
worth  or  the  Williams  process,  can  result  only  in  raising  more 
or  less  the  level  of  this  lake  into  the  hollow  parts  already  formed 
above  it.  But  it  is  also  certain  that  this  liquid  lake,  as  it  ebbs 
from  its  banks,  will  have  deposited  upon  it  impurities,  which 
may  afterwards  prevent  the  intimate  combination  of  the  mass 
with  the  new  steel  which  will  subsequently  rise  over  them. 
Ingots  so  produced  may  possibly  appear  perfectly  sound,  but 
will  certainly  present  a  zone  of  weakness,  corresponding,  in 
the  imagery  of  Professor  Howe,  to  the  banks  of  the  lake  of 
steel  at  its  different  levels,  or  the  pocket  which  has  been  al- 
lowed to  form  and  afterwards  closed.  Professor  Howe  clearly 
shows  that  the  operation  of  compression  ought  to  commence 
as  soon  as  possible  after  casting,  so  as  not  to  allow  the  level  in 
this  lake  to  fall  and  then  again  to  be  forced  back — such  a 
movement  of  the  steel  being  clearly  detrimental. 

This  evil  does  not  exist  in  the  Harmet  process,  which,  as  al- 
ready explained,  does  not  close  up  a  pocket  already  formed,  but 
prevents  its  formation  by  effecting  the  lateral  compression  of 
the  metal  immediately  after  casting.  By  reason  of  the  conical 
form  of  the  ingot-mold,  it  is  not  necessary  to  open  the  mold  in 
order  to  commence  operations,  and  consequently  to  wait  until 
an  exterior  skin  or  crust  is  formed,  during  which  delay  an 
interior  hollow  has  begun  to  be  developed.  In  our  own  prac- 
tice we  have  found  that,  with  certain  hard  steels,  it  is  practi- 
cable and  advisable  to  begin  compression  by  forcing  the  ingot 
through  the  mold  while  casting  is  still  going  on.  In  the  steel- 
works at  St.  Etienne,  an  ingot  is  rejected  as  bad,  if  for  any 
reason  the  operation  of  compression  was  not  commenced  upon 
it  at  once,  even  though  it  is  possible  that  such  an  ingot  might 
not  show  a  pipe  or  pocket  if  a  section  were  made  of  it.  This 
point  is  illustrated  by  Pig.  1,  representing  the  photograph  of 
an  ingot  sectioned  through  its  longitudinal  axis.  In  order  to 
produce  this  result  we  intentionally  waited  some  time  after  the 
casting  before  commencing  compression,  doing  our- utmost  to 
bring  about  conditions  similar  to  those  produced  by  the  Illing- 
worth  and  Williams  processes,  which  cannot  possibly  commence 
compression  at  once.     When  sectioned,  this  ingot  appeared  to 
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be  perfectly  sound ;  but,  after  a  treatment  with  acid,  the  shape 
of  the  primary  pipe,  afterwards  filled  with  metal  forced  into  it 
by  compression,  was  very  clearly  revealed.  The  photograph 
shows  also  that  the  whole  axis  of  the  ingot  has  been  subjected 
to  an  upward  movement  of  the  liquated  metal  towards  the  pipe 
at  the  top.  The  axis  of  the  ingot  remains  porous,  and  the 
treatment  by  acid  reveals  perfectly  the 
manner  in  which  the  metal  flowed. 

Ingots  compressed  by  the  Harmet 
process,  in  which  the  pipe  is  never  al- 
lowed to  be  produced,  show,  after  treat- 
ment with  acid,  a  remarkable  solidity 
and  compactness,  without  any  trace  of 
a  zone  of  weakness.  This  Harmet  proc- 
ess continually  keeps  the  skin  of  the 
ingot  absolutely  full,  and  even  slightly 
flowing  out  of  the  top. 

The  conclusion  of  Prof.  Howe,  that 
the  Harmet  is  less  eflfective  than  the 
Williams  process,  seems  scarcely  fair. 
His  reason  is,  that  the  latter  process 
squeezes  the  ingot  at  the  center  of  its 
length  only,  thus  allowing  the  metal  to 
rise  more  readily,  in  order  to  fill  the 
void  above. 

But  since,  in  the  Harmet  process,  the 
ingot  is  kept  always  full  and  compact, 
there  must  be  an  advantage  in  squeez- 
ing it  uniformly  and  at  all  times  over 
its  whole  surface,  utilizing  fully  the 
wedge,  due  to  the  conical  mold,  and  ^'^-  ^--^^^'o^^r  an  In- 

.  .       -  OOT,  Showing  Effect  of 

thereby  energetically  compressing  the   delay  In  Compression. 

metal  to  its  center,  so  long   as   there 

remains  a  single  drop  of  liquid  steel — thus  producing,  in  con- 
sequence, ingots  absolutely  homogeneous  and  compact  from 
center  to  surface,  and  from  top  to  bottom. 

Ingots  produced  by  this  process  are  not  only  physically 
sound,  without  any  interior  hollows,  but  also,  to  a  remarkable 
degree,  chemically  homogeneous.  Liquation  is  not  produced, 
because  the  process  furnishes  the  chief  conditions  specified  by 
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Prof.  Howe  himself  as  being  necessary  to  prevent  this  phe- 
nomenon. 

Professor  Howe  points  oat  as  the  means  to  avoid  liquation : 
(1)  casting  at  low  temperature ;  (2)  casting  small  ingots ;  and 
(3)  employing  thick  molds,  not  lined  with  sand*  and  pre- 
heated. The  temperature  at  which  steel  is  cast  is,  and  should 
be,  independent  of  the  method  of  compression  employed,  but 
both  the  other  conditions  named  are  fulfilled  in  the  Harmet 
process.  In  fact,  thanks  to  the  absolute  soundness  of  the  ingots, 
produced  by  tremendous  squeezing  in  the  passage  of  the  metal 
through  the  conical  mold,  it  is  possible  to  produce  from  our  com- 
pressed ingots  forgings  such  as  ordinarily  require  the  casting  of 
larger  ingots,  and  thus  to  dispense  with  much  of  the  heat-treats 
ment  and  forging  required  to  put  into  proper  molecular  condi- 
tion ingots  which  have  not  been  so  compressed.  Finally,  the 
molds  used  in  the  process  are  necessarily  thick,  on  account  of 
the  energy  which  they  have  to  transmit.  They  cool  very  rap- 
idly ;  and  it  is  our  common  practice  to  assist  this  rapid  cooling 
with  water,  which  pours  continuously  down  the  mold  and  over 
the  hoops  which  reinforce  it.  Prom  both  points  of  view — 
namely,  that  of  piping  and  that  of  liquation — ^the  Harmet  pro- 
cess thus  fills  all  the  conditions  desired. 

On  the  other  hand,  the  Whitworth  process  attacks  the  in- 
got in  the  direction  of  the  length,  in  which  it  must  present  its 
greatest  resistance;  causes  it  to  be  distended  outwards  from 
the  center,  in  a  lined  mold  which  does  not  assist  the  cooling ; 
and  results  in  producing  ingots  in  which  the  axis  is  unsound, 
and  which  are  used  only  for  hollow  forgings;  whereas,  the 
.  Harmet  process  attacks  the  ingot  throughout  its  length  with 
the  whole  lateral  effort  resulting  from  a  conical  mold,  and, 
thanks  to  the  thick  iron  mold,  which  cools  very  quickly,  pro- 
duces ingots  sound  and  perfect  throughout,  and  available,  with- 
out waste,  for  forgings  of  the  highest  quality,  such  as  armor- 
plates,  guns,  shells,  and  complicated  cranks. 

The  foregoing  statements  and  claims  are  not  made  upon  theo- 
retical grounds  only,  but  can  be  verified  by  the  records  of  daily 
practice  at  the  steel-works  of  St.  Etienne  and  other  European 
establishments  where  thousands  of  ingots,  widely  known  for 
their  homogeneity,  have  been  regularly  manufactured  by  this 
process  for  many  years  past. 
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Henry  M.  Howe,  New  York,  N.  Y.  (communication  to  the 
Secretary*): — ^Mr.  Beutter  has  completely  missed  the  point  of 
my  discussion  of  the  relative  merits  of  the  different  methods  of 
compression.  I  refer  him  to  the  first  paragraph  of  §  62,  which 
I  think  states  the  matter  clearly,  especially  if  taken  in  connec- 
tion with  §§60  and  61. 

But  perhaps  I  may  recapitulate  the  matter  by  saying  that 
what  I  was  discussing  was  the  efficacy  with  which  we  could 
make  use  of  the  pipe  itself  as  a  receptacle  into  which  we  could 
lift  the  segregate.  I  pointed  out  that  in  order  that  the  pipe 
should  be  most  effective  for  this  purpose,  we  should  leave  the 
pipe  itself  uncompressed,  so  as  to  leave  it  open  to  receive  as 
much  as  possible  of  the  segregate.  Compared  with  Williams's 
method,  Harmet's  has  the  disadvantage  that  it  diminishes  the 
pipe,  not  alone  through  lifting  the  segregate  into  it,  but  also  by 
narrowing  the  upper  part  of  the  ingot,  which  contains  the  pipe, 
or  at  least  which  would  contain  the  pipe  were  the  pipe  allowed 
to  form.  By  as  much  as  it  thus  narrows  the  upper  part  of  the 
ingot,  by  so  much  does  it  diminish  the  size  of  the  receptacle 
into  which  the  segregate  may  be  lifted,  and  by  so  much  does 
it  lessen  o6r  power  to  lift  the  segregate,  and  thereby  to  shorten 
that  portion  of  the  ingot  which  has  to  be  rejected  because  of 
the  segregate. 

Mr.  Robert  W.  Hunt,  Chicago,  Hl.t : — I  think  the  parties 
who  have  anything  to  do  with  commercial  steel-products  fully 
realize  the  very  great  importance  of  this  subject.  In  fact,  it  is 
one  that  to-day  is  staring  the  railway  world  in  the  face  with  a 
vital  importance.  We  read  unfortunately  often  of  railroad 
wrecks,  which  are  attributed  to  broken  rails.  In  a  majority  of 
cases,  the  rail  is  found  to  have  been  piped.  This  piping  takes 
place  to  an  extent  much  beyond  what  we  appreciate  or  appre- 
hend ;  for  there  are  many  thousands  of  rails  in  service  which 
have  not  failed,  and  still  have  that  trouble  fully  concealed  in 
their  interior;  and  these  are  a  constant  menace, being  liable  to 
feil  at  any  time.  Unfortunately,  it  means,  in  the  present  con- 
dition of  the  art,  a  revolution  in  rail-making,  if  this  thing  is 
met,  as  sooner  or  later  it  must  be. 

*  Received  Feb.  14,  1907. 

t  Oral  diflcaasion  at  the  New  York  Meeting,  April,  1907. 
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At  present  the  element  which  seems  to  control  is  that  of  vol- 
ume of  production,  over-controlling  and  over-topping  every 
other  consideration ;  and  to  say  to  the  rail-maker  that  he  must 
discard  from  25  to  33J  per  cent,  of  his  ingots,  is  so  revolution- 
ary that  it  will  not  be  listened  to.  But  it  seems  to  me  this  will 
have  to  be  done,  unless  the  difficulty  can  be  overcome  in  some 
mechanical  or  chemical  way.  Prof.  Howe,  if  I  am  not  mis- 
taken, suggests  one  or  two  ways  in  which  this  piping,  and  also 
the  effects  of  segregation,  can  be  minimized.  But,  if  again  I 
am  not  mistaken,  he  does  not  give  us  a  remedy  which  would 
apply  to  rail-making.  I  think  he  suggests,  for  instance,  that  an 
ingot  shall  not  be  more  than  8  in.  in  diameter.  That,  of  course, 
is  absolutely  impracticable,  so  fer  as  making  rails  is  concerned. 
It  would  attack  the  vital  condition  of  production,  and  it  would 
give  us  a  casting  from  which  we  could  never  roll  successfully  a 
100-lb.  rail,  for  instance. 

This  matter,  as  I  have  said,  is  of  the  greatest  moment.  Any- 
thing that  tends  to  throw  light  on  the  existence  of  the  disease 
must  enforce  consideration  and  help  to  bring  about  a  remedy, 
even  if  it  involves  the  cutting-down  of  production,  and  so  an 
increased  cost  to  the  consumer  of  the  manufactured  rail.  We 
cannot  go  on  as  we  are  doing  now.  We  have  mysterious  breaks 
in  which  the  rails  do  not  show  any  piping,  but  break,  appar- 
ently, without  cause.  Frequently,  analysis  discloses  segregation, 
which  perhaps  sometimes  accounts  for  the  failure ;  but  even 
that  is  not  always  present.  The  cause  seems  to  my  mind  to 
date  back  to  the  physical  manipulation  of  the  steel  during  the 
process  of  manufacture. 

We  have  gone  away  absolutely  from  the  practices  and  tra- 
ditions of  the  past;  and  the  effort  has  been  and  is  to  get  the 
metal  into  shape  as  quickly,  and  with  as  few  applications  of 
power,  as  possible.  In  the  first  place,  the  size  of  the  ingot  has 
been  increased  and  the  number  of  passes  in  the  rolling  de- 
creased. If  a  structure,  when  cast  in  the  ingot,  is  very  coarsely 
crystalline,  and  in  the  finished  product  is  much  finer  and  more 
closely  united — ^the  units  of  crystallization  having  been  reduced 
in  size — it  is  to  my  mind  illogical  to  assume  that  we  can  get  the 
same  result  in  that  respect  by  forcing  the  change  in  crystalliza- 
tion immediately,  as  by  giving  it  more  time.  We  may  effect 
some  change  in  character,  but  is  it  not  easy  to  appreciate  that 
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the  physical  properties  and  the  strength  of  structure  may  differ  ? 
Whether  we  can  realize  it  or  not,  it  is  true.  We  have  had  dur- 
ing the  past  few  years  an  illustration  which,  to  my  mind,  em- 
phatically demonstrates  it  There  is  a  rail-mill  and  steel-works 
on  this  continent  which,  after  becoming  superannuated,  and 
standing  idle  many  years,  was  purchased  and  rehabilitated^ 
and  is  now  running.  This  plant  is  nearer  the  character  of  the 
works  of  25  or  30  years  ago  than  any  other  in  existence  on  this 
side  of  the  water.  They  re-melt  the  iron  in  cupolas ;  and  the 
small  size  of  the  converters,  the  weakness  of  the  blooming-mill, 
etc.,  necessitate  a  slow  reduction  of  the  ingots  to  blooms,  and 
the  re-heating  of  these  before  rolling  them  into  rails;  thus 
making  the  routine  of  manufacture  closer  to  that  of  the  olden 
time  than  at  any  other  American  works.  A  certain  railroad 
has  had  in  its  track  more  than  100,000  tons  of  these  rails,  and 
quite  an  equal  quantity  of  rails  made  by  other  manufacturers, 
more  nearly  in  accordance  with  the  present  usual  course  of 
manufacture.  The  figures  of  breakages  are  in  favor  of  the  old- 
fashioned  procedure,  to  the  extent  of  quite  four  to  one ;  although 
it  happens  also  that  the  chemical  composition  of  these  rails  that 
have  broken  less  is  not  as  good  as  that  of  the  others.  In  fact, 
the  phosphorus  in  them  had  a  limit  of  0.085  per  cent,  as  com- 
pared with  0.07  per  cent,  or  less,  in  the  others. 

Prof.  Howe's  paper,  like  everything  else  he  has  contributed, 
has  been  prepared  with  great  care,  and  demonstrates  very 
clearly  what  happens  in  casting  steel  ingots.  It  is  up  to  the 
people  who  produce  to  use  this  knowledge  and  this  light.  For 
one,  I  want  to  thank  him  very  much. 

Everything  has  been  ignored  lately  for  speed.  We  must  get 
back;  and  if  mills  cannot  make  70,000  tons  of  rails  a  month, 
and  make  them  right,  somebody  has  got  to  force  them  back  to 
the  quantity  which  they  can  make  and  make  right,  or  else  let 
them  keep  them  piled  in  their  yards,  and  not  put  them  in  the 
track  to  endanger  property,  to  say  nothing  of  human  life.  The 
whole  trouble  is  not  with  the  rails.  Road-beds,  weight  of  roll- 
ing-stock, speed  of  trains,  counterbalancing  of  engines — all 
must  be  considered;  but  we  know  of  the  rail-weakness,  and  its 
correction  should  not  be  delayed  while  the  other  elements  of 
the  situation  are  receiving  attention. 
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Prof.  Hbnrt  M.  Howe,  New  York,  K  Y.  (communication 
to  the  Secretary*) : — ^These  words  of  Captain  Hunt,  than  whom 
none  can  speak  with  more  knowledge  and  authority  on  the 
rail-question,  are  full  of  interest,  especially  his  belief  that  the 
quality  of  the  rails  has  been  lowered  by  the  increase  in  the 
size  of  the  ingots  and  the  decrease  in  the  number  of  passes  in 
the  rail-mill. 

As  regards  the  remedies  which  I  have  suggested  for  segre- 
gation, I  have  had  too  much  practical  experience  in  rail-making 
to  be  caught  making  so  rash  a  suggestion  as  decreasing  the  size 
of  rail-ingots  to  8  in.  This  size  I  advised  for  special  cases  of 
"  steel  of  unusual  excellence,  such  as  high-carbon  steel  for  the 
wires  of  suspension  bridges.*'     (§  82,  p.  273  of  my  paper.) 

In  order  to  restrain  segregation  in  rail-ingots  I  would  do 
three  things :  (1)  use  aluminum  or  its  equivalent  freely ;  (2) 
teem  extremely  slowly ;  and  (3)  increase  the  discard.  In  order 
to  increase  the  practicable  slowness  of  teeming  of  each  ingot 
taken  by  itself,  without  running  into  the  danger  of  having  a 
heavy  ladle-skull,  I  would  teem  into  two  or  more  molds  simul- 
taneously from  the  same  ladle,  either  through  two  nozzles  or 
through  a  distributing-funnel. 

As  to  cropping,  it  is  idle  to  crop  off  only  the  ragged  top  of 
the  ingot,  and  leave  just  below  it  the  richest  of  the  segregate, 
the  part  into  which  the  phosphorus  has  been  concentrated  from 
the  whole  ingot.  Beyond  this,  I  would  have  the  inspectors 
search  carefully  for  the  segregate  in  a  specified  percentage  of 
the  ingots  made ;  and  I  would  give  an  upper  limit  for  phos- 
phorus in  the  most-segregated  part,  as  explained  in  §§  78  and 
79  of  my  paper. 

I  have  expressed  my  views  on  the  rail-question  more  fully  in 
an  article  in  the  Engineering  and  Mining  Journal^ . 

*  Received  June  19,  1907. 
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The  Verschoyle  Pocket  Transit. 

BY  W.   DENHAM  VERSCIIOTLE,   BALLISODARE,  IRELAND. 

(Toronto  Meeting,  July,  1907.) 

In  designing  a  pocket  instrument  whereby  any  given  hori- 
zontal or  vertical  angle  may  be  closely  approximated,  the  fol- 
lowing points  should  be  kept  in  view,  if  general  utility  is 
aimed  at : 

1.  The  instrument  should  be  light  and  compact,  so  that  it 
can  be  carried  in  the  pocket,  or  in  a  sling. 

2.  It  should  be  capable  of  observing  any  angle  whatever, 
horizontal  or  vertical. 

3.  Since  time  is  often  an  important  consideration  in  making 
a  preliminary  survey,  it  should  be  capable  of  giving  the  hori- 
zontal and  vertical  angle  at  one  observation. 

I  do  not  know  of  any  instrument  that  will  fulfill  these  re- 
quirements, except  the  one  here  described. 

Where  the  depression-  or  elevation-angle  of  the  distant  object, 
whose  bearing  is  required,  exceeds  50  or  60  degrees,  it  becomes 
difficult  or  impossible  with  a  prismatic  compass,  for  instance,  to 
obtain  accurate  results ;  and  since  it  frequently  happens,  par- 
ticularly in  mining,  that  much  work  requires  to  be  done  beyond 
that  limit,  it  is  obvious  that  an  instrument  which  can  be  used 
to  observe  a  high  angle  just  as  easily  as  a  low  one,  if  not  abso- 
lutely a  necessity,  will  at  least  be  a  great  convenience. 

How  this  "  pocket  transit "  attains  to  the  required  degree  of 
universality  will  be  understood  from  the  diagram.  Fig.  1,  in 
which  JB  is  a  beveled,  graduated  circle,  attached  to  and  freely 
revolving  about  the  center  of  the  magnet  A.  Light  falling  on 
B  is  reflected  through  a  window  in  F  (the  compass-box),  along 
the  line  AC,  and  is  again  reflected  back  to  the  eye  at  D  by  the 
prism  C 

By  a  simple  arrangement,  the  sight-line  DCE  can  be  com- 
pletely revolved  in  the  vertical  plane  DE,  which  is  normal  to 
A  C.     It  is  clear,  then,  that  no  matter  through  what  vertical 
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Fig.  1. — Diagram,  Illustrating  the  Principle  op  the  Pocket  Transit. 


\ 

\ 

V^' 

""   B' 

V' 


Fig.  2.— Diagram,  Illustrating  the  Principle  of  the  Double 
Observations  Made  with  the  Pocket  Transit. 
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Verschoyle  Patent  Transit 


C'B.Nff  14540, 
U.SA^  7901^3. 


Fig.  3.— Appearance  of  the  Verschoyle  Transit  ti-hen  Closed. 


Fig.  4. — The  Verschoyle  Transit,  with  Sight-Arm  Depressed. 

A,  thumb-loop ;  B,  needle-lifter ;  C,  needle-brake  ;  D,  back-sight  hole ;  E,  prism- 
box  ;  F,  vertical  arc ;  G,  fore-sight 
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angle  DE  has  been  rotated,  the  figures  at  jB  can  be  read  with 
equal  ease,  by  means  of  the  prism  C.  Also,  by  placing  on  the  arm 
to  which  are  affixed  the  prism  C,  and  the  fore-  and  back-sights 
defining  the  line  DE^  an  alidade  which  traverses  a  vertical 
graduated  circle  affixed  to  -P,  and  by  having  a  small  spirit-level 
affixed  to  -F,  the  bubble  of  which  is  visible  also  at  Z),  we  are 
able,  in  observing  the  magnetic  bearing  of  any  distant  object, 
to  secure  an  automatic  registration  of  the  vertical  angle  by 
bringing  the  bubble  to  the  center. 

To  obtain  freedom  for  the  sight-line  in  the  vertical  plane,  it 
was  necessary  to  make  it  tangential  to  the  horizontal  circle. 


Fig.  5. — The  Verschoyle  Transit,  with  Arm  Elevated. 

K,  then,  A  were  used  as  the  center  of  the  instrument,  there 
would  be  an  error  due  to  eccentricity,  in  observing  horizontal 
angles. 

If,  however,  C  be  taken  as  center,  and  the  instrument  be 
considered  in  any  two  positions,  the  following  will  be  true  in 
all  cases  : 

Let  ABODE,  the  plain  line  part  of  Fig.  2,  represent  any 
position  of  the  instrument  Let  the  sight-line  DE  be  moved 
through  any  horizontal  angle  ECE',  to  the  second  position,  as 
shown  by  the  dotted  line,  and  take  ^',  the  same  point  on  the 
scale  as  is  cut  by  AB,  Then  A'5'  is  parallel  to  J.-B,  and  the 
angle  ECE'  =  ACA',  and  therefore  =  CA'B'  (Eucl.  L,  29), 
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which  means  that  any  horizontal  angle  through  which  the 
sight-line  is  rotated,  with  C  as  center,  is  equal  to  the  angle 
through  which  AB  passes,  in  the  same  motion,  with  A  as 
center. 

The  instrument  can  be  used  as  a  clinometer  and  grading- 
level ;  and  a  tripod  of  special  design  is  supplied  if  desired.  To 
use  it  as  a  clinometer,  the  bottom  side  of  the  arm  is  laid  on  the 
surface  the  dip  of  which  is  to  be  measured,  and  the  compass- 
box  is  slightly  revolved  until  the  small  bubble,  viewed  through 
the  window  at  the  top  of  the  box,  is  brought  to  the  center  of 
the  spirit-level,  when  the  angle  may  be  read  oft*  the  vertical  arc. 

Figs.  3,  4  and  6  show  the  general  appearance  and  construc- 
tion of  the  instrument.  It  is  manufactured  in  the  United 
States  by  the  Taylor  Brothers  Co.,  Rochester,  N.  Y. 
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Barite  Associated  with  Iron-Ore  in  Pinar  del  Rio 
Province,  Cuba. 

BY  CHARLES  CATLETT,  STAUNTON,  VA. 

(New  York  Meeting,  April,  1907.) 

An  examination  of  the  census  reports'  for  1880,  which  con- 
tain a  large  number  of  complete  analyses  of  typical  American 
iron-ores,  indicates  that  the  existence  of  barium  sulphate  in 
intimate  association  with  iron-ore  is  rather  unusual.  Of  94 
analyses  reported  there,  but  four  show  any  barium  sulphate, 
and  the  maximum  content  amounts  to  3.04  per  cent  The 
note  of  the  occurrence  of  considerable  quantities  of  barite  in 
connection  with  certain  iron-ores  found  in  the  Pinar  del  Rio 
Province  of  Cuba  may  be  of  interest. 

These  deposits  are  found  near  the  little  village  of  Francisco, 
about  25  miles  west  of  the  city  of  Pinar  del  Rio  on  the  Western 
Railroad  of  Havana.  The  principal  ridges  are  anticlines,  and 
consist  of  very  thick  deposits  of  sandy  shales  and  slates  con- 
taining a  large  number  of  little  veins  of  white  quartz  which, 
by  the  gradual  disintegration  of  the  mass  of  the  material,  is 
left  covering  the  surface.  This  quartz  occasionally  shows  sul- 
phide, but  is  generally  barren  of  any  such  indication.  At 
times  lenticular  masses  of  a  more  or  less  pure  limestone  were 
observed  in  these  slates.  The  shales,  which  are  of  light  color, 
are  occasionally  talcose. 

The  formation  would  tentatively  be  classed  as  the  Lower 
Cambrian,  and  the  heavy  ridges  of  comparatively  horizontal 
limestone  found  in  the  anticlinal  valleys  as  the  Upper  Cam- 
brian. 

Along  the  crest  of  these  slaty  ridges  deposits  of  iron-ore  are 
found  which  are  apparently  in  place,  and  were  probably  formed 
by  replacement  of  masses  of  limestone  similar  to  those  noted 
elsewhere.     The   ready  disintegration  of  the  slates,  and  the 

^  Beport  on  the  Mining  Industries  of  the  United  States,  Tenth  Census  of  the  United 
States,  vol.  xy.,  pp.  583  to  601  (1880). 
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fact  that  the  only  product  of  such  disintegration  which  holds 
together  in  masses  of  any  size  is  the  iron-ore,  has  left  the  ore 
exposed  to  an  unusual  degree,  and  permitted  its  transportation 
over  long  distances  and  its  concentration  along  certain  lines  of 
drift-flow.  The  masses  are  very  striking.  A  number  weigh 
100  tons  each,  and  one  weighs  between  1,000  and  1,500  tons. 

The  iron-ore  is  essentially  a  brown  hematite  partly  dehy- 
drated at  points,  and  from  the  existence  of  stalactitic  forms  it 
frequently  bears  evidence  of  secondary  water-action.  The 
striking  thing  in  connection  with  the  deposit  is  the  occurrence 
of  barite  crystals  throughout  the  mass  of  ore.  These  crystals 
are  occasionally  in  bunches  of  considerable  size,  but  are  very 
generally  distributed. 

The  iron-ore  as  it  passes  farther  from  the  source  of  its  prob- 
able origin  is  improved  in  quality  by  the  gradual  breaking  up 
of  the  boulders  and  the  removal  of  the  softer  particles.  The 
more  distant  collections  of  ore  are  higher  in  iron  and  lower  in 
barium  sulphate. 

The  following  analyses  are  of  samples  of  iron-ore  from  the 
principal  "mines"  which  have  been  selected  with  a  view  to 
represent  commercial  possibilities : 


I. 

II. 

III. 

IV. 

V. 

VI. 

Per  Cent. 

Per  Cent 

Per  Gent. 

Per  Cent. 

Per  Cent. 

Percent 

Iron,  .        .        •     54.39 

49.73 

49.45 

56.07 

58.13 

60.64 

Silica,        .        .      1.44 

3.50 

3.94 

3.04 

2.86 

2.60 

Phosphonis,  .     .      0.075 

0.05 

0.064 

0.086 

0.086 

0.125 

Barium  sulphate,      5.36 

9.20 

10.00 

0.20 

1.20 

0.64 
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Bibliography  of  Injuries  to  Vegetation  by  Furnace-Gases. 

BY  PERSIFOR  FRAZER,   PHILADELPHIA,    PA. 
{Bi-Monthly  Bulletin,  No.  15,  May,  1907.) 

Supplementary  Note. 

The  two  following  titles  should  be  added  to  the  above  Bib- 
liography : 

On  p.  415,  as  No.  25a. — An  Examination  op  the  Atmos- 
phere OF  A  Large  Manufacturing  City.  Prof.  Charles  F. 
Mabery,  Journal  of  the  American  Chemical  Society^  vol.  xvii.,  p. 
105  (1895). 

On  p.  484,  as  No.  46. — The  Advantage  of  a  Scientific 
Basis  for  Determining  the  Value  of  Fuels.  Henry  J. 
Williams  (chemical  engineer).  Journal  of  the  New  England  Water- 
works Association^  vol.  xix.,  No.  1.  (Paper  read  Dec.  12,  1904. 
Followed  by  a  discussion.) 
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The  Wilfley  Table. 

BT  ROBERT  H.   RICHARDS,   BOSTON,  MASS. 
(Toronto  Meeting,  July,  1907.) 

This  truly  remarkable  machine  was  built  on  a  preliminary 
scale  in  May,  1895.  The  first  full-sized  table  was  built  by  Mr. 
A.  R.  Wilfley,  and  was  used  in  his  own  mill  in  Kokomo  in 
May,  1896.  The  first  table  sold  for  installation  was  placed  in 
the  Puzzle  mill,  Breckinridge  county,  in  August,  1896. 

The  mill  enthusiasts  at  first  hailed  it  as  the  cure  for  all  the 
ills  that  flesh  is  heir  to  in  the  milling  line.  A  little  later  it 
was  found  to  make  losses  which  were  serious,  and  on  this  ac- 
count the  table  succeeded  only  to  a  limited  extent  in  displacing 
the  vanners  of  the  gold-mills.  Still  later,  mill-men  in  a  num- 
ber of  districts  throughout  the  country  made  special  studies 
of  the  feults  of  the  machine,  and  devised  a  number  of  ways 
of  grouping  supplementary  machines  to  overcome  as  far  as 
possible  the  losses,  and  at  the  same  time  retain  the  benefit 
of  the  extraordinarily  large  capacity  accompanied  by  the  pro- 
duction of  clean  concentrates  for  which  the  machine  has  be- 
come so  justly  famous.  I  hope  to  make  an  exhibit  of  some  of 
these  methods  in  an  appendix  to  my  book  on  ore-dressing 
which  is  now  in  preparation.  These  experimenters  have  not 
written  up  the  subject,  and  if  they  possess  all  the  facts  they 
have  not  given  them  out  for  the  benefit  of  the  mining  pro- 
fession at  large. 

The  object  of  this  paper  is  to  obtain  the  facts  and  to  pre- 
sent them  so  clearly  that  their  bearing  can  be  seen  by  all. 
To  this  end  two  complete  series  of  tests  have  been  planned. 
One  (the  present  paper),  to  study  concentration  of  galena  in 
presence  of  quartz;  the  other  (to  follow  shortly),  to  study 
concentration  of  chalcopyrite  in  presence  of  quartz. 

Some  authorities  claim  that  the  table  does  its  best  work 
when  treating  natural  products ;  by  this  phrase  I  mean  pro- 
ducts which  have  been   crushed  to  pass  through   a  limiting 
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sieve,  but  have  had  no  other  preparation  whatever;  in  conse- 
quence they  have  all  sizes  of  grains  of  both  the  heavy  valuable 
mineral  and  the  light  waste  gangue,  ranging  from  the  largest 
grains  that  can  pass  through  the  sieve  down  to  the  finest  dust. 

Others  claim  that  the  ore  fed  to  a  Wilfley  table  should  be 
closely  sized  before  it  is  fed.  That  is  to  say,  it  should  be 
divided  by  a  series  of  sieves  ranging  from  coarse  to  fine  into  a 
series  of  products  with  sizes  of  grain  ranging  from  coarse 
grains  to  fine  grains ;  and  that  each  of  these  products,  in  which 
the  grains  of  the  heavy  mineral  are  of  approximately  the  same 
diameter  as  the  grains  of  the  light  mineral,  should  be  fed  to 
the  Wilfley  table. 

Still  a  third  group  of  authorities  claims  that  the  ore  before 
being  fed  to  a  Wilfley  table  should  be  classified  by  a  hydraulic 
classifier,  which  divides  the  crushed  ore  into  a  series  of  pro- 
ducts ranging,  like  the  sized  products,  from  coarse  grains  to 
fine  grains,  by  carrying  it  in  a  water-current  over  a  series  of 
apertures  or  vertical  pipes,  called  sorting-columns,  up  through 
which  water-currents  are  passing.  These  currents  are  graded 
from  faster  to  slower,  and  therefore  allow  only  the  heaviest 
grains  to  settle  down  through  the  first  sorting-column  and  out 
through  the  spigot,  while  lighter  smaller  grains  settle  in  the 
second,  and  still  lighter  in  the  third,  and  so  on,  diminishing 
until  the  last  sorting-column  and  spigot  give  very  small  grains, 
and  the  overflow  has  the  finest  grains  of  all.  The  classified 
products  differ  greatly  from  the  sized  products  in  that  the 
grains  of  heavy  mineral  are  much  smaller  in  diameter  than 
the  light  grains  with  which  they  settle,  and  therefore  behave 
in  a  somewhat  different  way  upon  the  Wilfley  table  from  the 
sized  products.  It  should  be  said  that  the  first  spigot-product 
of  a  classifier  differs  from  the  others  in  having  coarse  grains  of 
heavy  mineral  present  also. 

The  usual  division  of  products  upon  a  Wilfley  table  is  easily 
and  naturally  made,  as  shown  in  Pig.  1,  A  being  concen- 
trates; JB,  middlings;  C,  tailings,  and  2),  slimes.  Of  these, 
when  natural  products  are  fed,  the  concentrates.  Ay  are  nearly 
clean  heavy  mineral,  a  slight  contamination  of  small  grains  of 
quartz  being  present.  The  middlings.  By  carry  some  large 
grains  and  also  some  small  grains  of  heavy  mineral.    The  tail- 
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ings,  C,  carry  some  very  small  grains  of  heavy  mineral,  and 
the  slimes,  2),  carry  very  minute  grains  of  heavy  mineral. 

I  believe  that  the  small  grains  of  heavy  mineral  in  middlings, 
-B,  and  tailings,  C,  are  of  less  diameter  than  the  smallest  in  the 
concentrates,  J.,  and  of  greater  diameter  than  the  majority  in 
the  slimes,  2),  and  that  they  belong  in  middlings  and  tailings 
from  the  law  of  their  existence.  The  re-running  of  such 
middlings  upon  the  same  table  is  therefore  not  a  wise  proceed- 
ing,  and  only  admissible  as  an  expedient  in  small  establish- 
ments when  the  quantity  of  middlings  is  not  sufficient  to  war- 
rant other  provision.  So  much  for  the  speculation  before  the 
investigation  was  made. 


A'^ 


B  C 


D 


Fig.  1. — UsuAi.  Division  of  Products  on  a  Wilfley  Table. 

The  materials  for  this  test  were  pure  white  massive  quartz 
for  the  light  mineral,  and  crystalline  galena,  nearly  free  from 
blende  and  other  impurities,  from  Joplin,  Mo.,  for  the  heavy 
mineral.  The  quantities  of  these  impurities  were  so  small  as 
to  have  little  effect  on  the  results.  Both  minerals  were  broken 
down  to  2-mm.  size,  and  mixed  so  as  to  have  approximately  10 
per  cent,  of  galena  and  90  per  cent,  of  quartz. 

The  Wilfley  table  used  for  the  tests  had  a  net  working-sur- 
face of  2  ft.  .by  4  ft.  This  is  the  table  that  has  been  found 
very  satisfactory  for  students'  work  at  the  Massachusetts  Insti- 
tute  of  Technology.  An  error  is  present  to  a  slight  extent  in 
the  full-sized  table,  16  ft.  long  by  7  ft.  wide,  and  to  a  serious  ex- 
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tent  in  the  small  Wilfley  testing-table,  7  ft.  long,  found  in  some 
of  the  schools.  It  is  due  to  tacking  tapered  riffle-cleats  on  to  a 
linoleum  plane  surface,  thereby  making  two  planes:  first,  the 
roughing-plane  over  the  riffle-cleats,  Ej  Fig.  1 ;  second,  the 
cleaning-plane  or  part  where  there  are  no  riffles,  -F,  Fig.  1. 
These  two  planes  make  an  angle  with  each  other,  or  a  slight 
trough,  which  heaps  up  the  sands  deeper  than  is  wise  along  the 
line  of  the  tips  of  the  riffle-cleats.  This  error  is  completely 
overcome  on  the  little  table  here  used  by  cutting  the  riffles 
down  into  the  wooden  surface  of  the  table.  The  roughing- 
and  cleaning-planes  are  therefore  one  and  the  same  plane.  By 
observing  this  precaution  I  believe  thq,t  this  little  table  is  able 
to  do  as  good  work  as  the  full-sized  table. 

Comparing  the  little  table  with  the  full-sized  table  as  to 
areas  and  capacity,  assuming  that  their  capacities  are  propor- 
tional to  their  areas,  we  have  Table  I. 

Table  I. — Area  and  Capacity  of  Small  and  Large  Wilfley 

Tables. 

Little  Table.  Large  Table. 

Area,     ...     8       sq.  ft.  112      sq.  ft 

Feed,    .                 .     1       kg.  p^  znin.  22       tons  per  24  hr. 

Feed,    .                .     0.75  kg.  per  min.  16.6    tons  per  24  hr. 

Feed,    .                 .     0.5    kg.  per  min.  11       tons  per  24  hr. 

These  figures  represent  the  usual  range  used  in  practice. 

Seventeen  runs  in  all  were  made ;  Nos.  1  to  5,  inclusive,  were 
made  upon  natural  products,  the  several  feed-products  being 
2  mm.  to  0;  1  mm.  to  0;  0.5  mm.  to  0;  0.25  mm.  to  0;  and 
2  mm.  to  0.  Run  No.  5,  although  fed  with  the  same  size  as 
No.  1,  was  fed  at  a  different  rate.  In  making  these  runs  no 
effort  was  made  to  re-run  the  middlings ;  first,  because  the  con- 
centrates and  tailings  would  both  have  been  contaminated  and 
would  not  have  shown  as  well ;  secondly,  because  the  middlings 
themselves  would  have  undergone  a  change  in  composition.  In 
consequence  of  this  ruling,  the  quantities  of  middlings  appear 
abnormally  large. 

In  these  runs  the  dividing-line  between  concentrates  and 
middlings  was  chosen  so  as  to  make  concentrates  nearly  clean 
to  the  eye.  The  dividing-line  between  middlings  and  tailings 
was  chosen  so  as  to  keep  all  the  large  grains  of  heavy  mineral 
in  the  middlings.    The  four  products — concentrates,  middlings, 
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tailings  and  slimes — were  sized  on  a  series  of  sieves,  and  the 
quartz  in  them  determined  by  dissolving  out  the  galena  in  hy- 
drochloric acid.     The  galena  was  determined  by  diflference. 

Runs  Nos.  6  to  11,  inclusive,  were  all  upon  sized  products, 
and  the  results  obtained  are  given  in  Table  11. 

Table  II. — Sizes  and  Weights  of  Materials  Fed  to  Table. 
Tests  Nos.  6  to  11. 


Run 
Kumber. 

Sleve«  Diameter. 
Through.               On. 
mm.                 mm. 

Actual  Weights 
Fed. 
kg. 

6 

2 

1.4 

12.15 

7 

1.4 

LO 

6.74 

8 

1 

0.75 

4.93 

9 

0.75 

0.50 

2.85 

10 

0.50 

0.36      . 

1.70 

11 

0.36 

0.28 

1.55 

0.28 

0.00 

3.08 

33.00 

The  total  quantity  weighed  33  kg.,  of  which  30  kg.  was 
quartz  and  3  kg.  was  galena.  The  guiding  was  done  simply  to 
make  clean  concentrates  and  tailings.  The  middlings  were  in 
every  case  re-run  until  they  could  not  be  further  reduced  with- 
out contaminating  the  concentrates  or  the  tailings.  Where  a 
sifced  ore  is  free  from  included  grains  and  from  any  middle- 
weight mineral,  the  feeding-back  of  the  middlings  on  the  same 
table  ier  logically  good  practice,  because  the  middlings  product 
is  simply  a  mixture  of  concentrates  and  tailings  on  a  large 
scale  run ;  therefore,  they  could  be  fed  back  on  the  same  table 
and  disappear  entirely  without  harm  to  concentrates  or  tail- 
ings. 

Runs  Nos.  12  to  17,  inclusive,  were  made  upon  sorted  or  clas- 
sified products.  The  classifier.  Fig.  2,  had  12  closed  spigots 
or  blind  spigots;  that  is  to  say,  spigots  which  discharged  sand 
into  2-gal.  bottles  as  fast  as  it  came,  but  discharged  no  water. 
The  sorting-columns  were  of  0.5-in.  pipe,  squared  at  the  top 
and  3  in.  long.  Expressed  in  mm.  per  second,  the  rising-cur- 
rents in  the  successive  sorting-columns  were :  105,  85,  69,  55, 
45,  36,  29,  23,  19,  15,  12,  10,  respectively.  The  13th  spigot 
had  no  rising-current,  and  it  was  simply  a  safety  spigot  to  pre- 
vent any  accumulation  of  sand  that  was  too  light  to  go  down 
in  the  12th  and  too  heavy  to  go  over  into  the  overflow.  This 
apparatus  gives  a  set  of  products  beautifully  classified. 
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To  define  the  claseified  products  more  completely,  a  small 
aliquot  part  of  each  was  sized,  photographed  and  analyzed. 
The  photograph,  Fig.  8,  shows  to  the  eye  the  distribution  of 
sizes  in  each  spigot:  Table  III.  shows  the  distribution  of 
quartz  and  galena  in  the  different  sizes  of  each  spigot.  Ex- 
pressed in  mm.,  the  sieve-sizes  used  were :  2.83, 2.49,  2.06, 1.63, 
1.44, 1.27, 1.10, 0.97,  0.84, 0.68,  0.57,  0.45, 0.36,  0.28,  0.24, 0.20, 
0.15, 0.12, 0.10, 0.08.  The  middlings  picked  out  and  weighed  for 
the  fi.rst  four  spigots  consisted  of  blende  and  galena  included 


l)i  PIPE 


Fig.  2. — Classifier  Used  for  Runs  Nos.  12  to  17. 


grains,  with  some  free  blende-grains.  Their  use  here  is  simply 
to  show  how  nearly  pure  the  galena  was.  The  settling-ratios 
are  of  special  interest;  for  example,  at  the  foot  of  spigot  No. 
4  we  have  the  settling-ratio,  3.26,  which  signifies  that  in  spigot 
No.  4  the  average  diameter  of  the  quartz-grains  is  3.26  times 
the  average  diameter  of  the  galena-grains.  The  method  of 
computing  these  ratios  is  given  in  my  paper.  Close  Sizing  Be- 
fore Jigging.^     It  was  thought  wiser  to  combine  the  spigots 


Trans.,  xxiv.,  449,  450  (1894). 
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somewhat  instead  of  making  12  separate  runs ;  accordingly, 
the  6  runs  were  fed  with  products  as  follows:  Ist  spigot;  2d 
spigot;  8d  and  4th  together;  5th  and  6th  together;  7th,  8th 
and  9th  together;  10th,  11th  and  12th  together. 


Fig.  3. — Distribution  of  Sizes  by  the  Classifier. 

The  first  5  runs  on  natural  products  computed  on  the  basis 
of  a  100-ton  lot,  and  to  the  rate  of  feeding  of  a  full-sized  table, 
gave  products  shown  in  Table  IV. 


[9] 
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Table  IV. — Results  of  Runs  Nos,  1  to  6. 


Run 
No.l. 

Run 
No.  2. 

Run 

No.  8. 

Run 

No.  4. 

Run 

No.  5. 

size  of  Feed. 

mm. 
2  too. 

mm. 
ItoO. 

mm. 
0.5  loO. 

mm 
0.2ff  to  0. 

mm. 
2  too. 

Rate  of  feed  per  24  hours,   . 

Tons. 
22. 

Tons. 
22. 

Tons. 
11. 

Tons. 
11. 

Tons. 
11. 

Concentrates, 

4.114 

2.973 

4.667 

5.343 

2.808 

Middlings 

21.486 

20.760 

25.981 

21.028 

45.538 

Tailings,      .        .        .         . 

72.866 

72.903 

62.813 

60.487 

60.688 

Slimes,         .        .        .        . 

1.544 

3.374 

6.539 

13.142 

0.966 

Total 100.000      100.000      100.000      100.000      100.000 

The  next  6  runs  on  sized  products,  computed  on  the  baeis  of 
a  100-ton  lot,  and  to  the  rate  of  feeding  of  a  full-sized  table, 
gave  products  shown  in  Table  V. 

Table  V. — Results  of  Runs  Nos,  6  to  11. 


Run 
No.  6. 


Run 

No.  7. 


Run 
No.  8. 


Run 
No.  9. 


Run 

No.  10. 


Run 
No.  11. 


mm. 
f  2.00 
(to  1.4 

Tons. 


22. 
6.537 
1.647 
91.816 
0.000 


mm. 

1.4 

to  1.0 


mm. 

1.0 

to  0.75 


mm. 

0.75 

to  0.50 


mm.  mm. 

0.50  0.S6 

to  0.36  to  0.28 


Tons. 

16.6 

9.728 

1.901 

88.371 

0.000 


Tons. 

11. 
12.064 

1.694 
86.242 

0.000 


Tons. 

11. 
13.168 

1.602 
85.230 

0.000 


Tons. 

11. 
12.171 

5.310  ' 
82.519 

0.000 


Tons. 

11. 
15.137 

8.170 
81.693 

0.000 


Size  of  Feed.    . 

Rate  of  feed  per  24 

hours, . 
Con  cent  rates, 
Middlings, 
Tailings, 
Slimes,   . 

Total,       .        .     100.000      100.000     100.000      100.000      100.000     100.000 
The  last  6  runs,  computed  on  the  basis  of  100-ton  lots,  and 
to  the  rate  of  feeding  of  a  full-sized  table,  gave  products  shown 
in  Table  VI. 

Table  VI. — Results  of  Runs  Nos.  12  to  17  Computed  to  Full- 

Sized  Table. 


Classifier  spigots, 
bers  that  were 

mim- 
red,  . 

Run 
No.  12. 

1. 

Run 
No.  13. 

2. 

Run 
No.  14. 

8,4. 

Run 

No.  15. 

5,6. 

Run 
No.  16. 

7,8,9. 

Ran 
No.  17. 

10,11,12. 

Classifier  currents 

mra. 

per  second  through 
which  grains  settled. 

105. 

85. 

55.4 

36.3 

19.1 

10. 

Rate  of  feed  to 

Wil- 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

fley,  24  hours. 
Concentrates, 

11. 
49.649 

11. 
3.950 

16.6 
3.398 

11. 
4.940 

11. 
5.7165 

11. 
4.980 

Middlings, . 

5.534 

1.307 

0.663 

0.828 

1.0435 

4.262 

Tailings,     . 

44.817 

94.743 

95.939 

94.232 

93.240 

90.758 

Slimes, 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

Total,  . 

100.000 

100.000 

100.000 

100.000 

100.000 

100.000 

[10] 
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Comparing  the  17  runs  as  to  quantity  of  the  products  with- 
out looking  at  the  quality,  it  will  be  noticed  at  once  that  the 
concentrates  and  tailings  in  runs  Nos.  6  to  11  and  Nos.  12  to 
17  are  very  much  larger  in  quantity  than  these  products  in 
runs  Nos.  1  to  5 ;  while  the  middlings  are  very  much  smaller 
in  quantity. 

A  comprehensive  table  of  all  17  runs  is  given  in  Table  Vlt., 
which  shows  the  proportions  of  concentrates,  middlings,  tail- 
ings and  slimes  in  each,  and  also  the  percentage  of  galena  and 
quartz  in  the  various  products. 

Tables  VIII.,  IX.,  X.  and  XI.  give  the  weights  in  tons  of  the 
different  sizes,  and  also  the  proportion  of  quartz  and  galena  in 
each  product  by  sizes. 

In  comparing  the  analyses  of  the  concentrates  of  these  five 
runs  (Table  VIIL),  we  see  a  very  remarkable  similarity  in  the 
behavior  of  the  quartz  and  galena  through  all  five  runs.  The 
coarser  sizes  and  the  finer  sizes  are  almost  clean  galena,  being 
nearly  free  from  quartz.  At  a  point  somewhere  a  little  below 
the  middle,  the  quartz  rises  to  a  maximum,  which  in  the  first 
run  reaches  18.99  per  cent,  of  quartz',  in  the  third  run  reaches 
7.38  per  cent,  of  quartz,  and  in  the  fifth  run  reaches  13.80  per 
cent,  of  quartz. 

Comparing  the  different  analyses  of  the  middlings,  Table  EX., 
we  find  the  galena  among  the  very  largest  and  smallest  grains 
gives  a  very  high  percentage,  and  down  to  a  little  below  the 
middle  the  galena  runs  down  to  a  very  low  percentage,  while 
the  quartz  behaves  just  in  the  opposite  way.  This  is  analo- 
gous to  the  composition  of  the  concentrates. 

Comparing  the  tailings  of  the  five  runs.  Table  X.,  we  note 
that  the  galena  appears  only  to  a  very  slight  degree  in  any  of 
the  tailings  until  Ave  get  down  to  the  smaller  sizes,  and  there 
we  have  figures  that  rise  to  an  almost  alarming  size,  the  first 
run  giving  17.5  per  cent,  of  galena  in  the  finest  size;  the  2d, 
17.8  per  cent. ;  the  5th  run  giving  12.17  per  cent,  in  the  finest 
size. 

The  slimes,  Table  XL,  which  have  a  serious  quantity  of  mate- 
rial only  in  the  finest  size,  have  also  a  serious  percentage  of 
lead  in  that  finest  size.  The  other  percentages  of  lead  are  gener- 
ally much  smaller.  There  are  three  exceptions,  in  the  2d, 
8d  and  4th  runs,  where  the  percentages  run  high  in  the  larger 
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Table  VIII. — Proportion  of  Quartz  and  Galena  in  Prulucts. 

Note. — Concentratee  sized  and  weighed.     The  weights  are  compated  in  tons  and 
fractions  of  a  ton  on  the  100-ton  basis. 


Sizes. 

Run 
No.  1. 

Run 
No.  2. 

Run 
No.  3. 

Run 
No.  4. 

Run 

No.  5. 

Through. 

On. 

mm. 

mm. 
2.06 
1.63 
L44 
1.27 
1.10 
0.97 
0.84 
0.68 
0.57 
0.45 
0.36 
0.28 

Ton. 
0.017 
0.059 
0.066 
0.112 
0.084 
0.120 
0.174 
0.206 
0.246 
0.506 
0.402 
0.445 

Ton. 

Ton. 

Ton. 

Ton. 
0.009 

2.06 

0.037 

1.63 

0.054 

1.44 

0.076 

1.27 

0.049 

1.10 

0.003 
0.012 
0.027 
0.048 
0.280 
0.141 
0.466 

0.079 

0.97 



0.104 

0.84 

0.128 

0.68 

0.138 

0.57 

0.225 
0.322 
1.000 

0.288 

0.45 

0.201 

0,36 



0.227 

0.303 

0.28 

0.24 

0.306 

0.304 

0.386 

0.081 

0.179 

0.24 

0.20 

0.375 

0.370 

0.586 

0.760 

0.230 

0.20 

0.15 

0.307 

0.324 

0.483 

0.997 

0.218 

0.15 

0.12 

0.209 

0.313 

0.483 

0.958 

0.213 

0.12 

0.10 

0.110 

0.207 

0.271 

0.397 

0.082 

0.10 

0.08 

0.189 

0.235 

0.404 

0.871 

0.229 

0.08 

0.00 

0.182 

0.244 

0.507 
4.667 

1.062 
5.343 

0.191 

Total  tons... 

4.114 

2.973 

2.808 

Analyses  of  the  above  products  giving  percentages  of  galena  (PbS)  and  quartz  (SiO.^) 


Sizes. 


Run  No.  1. 


Thro.      On.     Galena.  Quartz. 


2.06 
1.63 
1.44 
1.27 
1.10 
0.97 
0.84 
0.68 
0.67 
0.45 
0.36 
0.28 
0.24 
0.20 
0.15 
0.12 
0.10 
0.08 


mm. 
2.06 
1.63 
1.44 
1.27 
1.10 
0.97 
0.84 
0.68 
0.57 
0.45 
0.36 
0.28 
0.24 
0.20 
0.15 
0.12 
0.10 
0.08 
0.00 


I  Per  Ct. 

100.00 

■  99.77 

'  99.80 

99.88 

1  99.76 

I  99.43 

98.42 

96.54 

94.47 

91.05 

'  83.81 

81.24 

81.01 

8439 

89.48 

95.08 

95.08 

97.74 

99.45 


Total     con- 1 
oentrates.  J 


Per  Ct. 

0.00 

0.23 

0.20 

0.12 

0.24 

0,57 

1.58 

3.46 

5.63 

8.95 

16.19 

18.76 

18.99 

15.61 

10.62 

4.92 

4.92 

2.26 

0.55 


.  Run  No.  2. 


Run  No.  3. 


Galena.  Quartz.  I  Galena.  Quartz. 


PerCt.    PerCt.    Per  Ct.    Per  Ct.    Per  Ct. ,  Per  Ct 


Run  No.  4. 


Run  No.  5. 


Galena. '  Quartz. !  Galena.  Quartz. 


"r 


100.00 
99.72 
99.90 
100.00 
100.00 
99.81 
99.74 
99.16 
98.25 
98.02 
98.78 
99.32 
99.57 
99.62 


90.08       9.92: 91.50 


0.00 
0.28 
0.10 
0.00 
0.00 
0.19 
0.26 
0.84 
1.75 
1.98 
1.22 
0.68 
0.43 
0.38 


I 


8.50 


99.61 
99.71 
99.48 
99.36 
97.81 
93.14 
92.62 
95.35 
98.71 
99^40 

97.60 


0.39 

0.29 

0.62 

0.64 

2.19 

6.86 

7.38  1 

4.66 

1.29 

0.60 


96.56 
96.67 
99.24 
98.54 
96.84 
95.54 
96.66 
98.72 


2.40  :  97.73 


3.44 
3.33 
0.76 
1.46 
3.16 
4.46 
3.34 
1.28 


PerCt.  I 
100.00 
97.56 
100.00 
99.87 
99.29 
99.28 
99.80 
99.56 
99.52 
97.67 
93.34 
89.24 
86.20 
88.21 
92.92 
97.52 
99.03 
99.65 
99.63 


PerCt 
0.00 
2.44 
0.00 
0.13 
0.71 
0.72 
0.20 
0.45 
0.48 
2.33 
6.66 
10.76 
13.80 
11.79 
7.08 
2.48 
0.97 
0.35 
0.37 


2.27  I  96.34       4.66 


[13] 
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Table  IX. — Proportion  of  Quartz  and  Galena  in  Products. 

Note. — Middlings  sised  and  weighed  and  the  weights  computed  in  tons  and 
fractions  of  a  ton  on  the  100-ton  basis. 


Size. 
On. 

Run 
No.  1. 

Run 
No.  2. 

Run 
No.  3. 

Run 
No.  4. 

Run 
No.  6. 

mm. 
2.06 

0.132 
0.795 
0.783 
1.202 
0.954 
1.056 
1.552 
2.021 
1.865 
3.112 
2.326 
2.526 
0.848 
1.230 
0.648 
0.207 
0  075 
0.061 
0.093 

0.206 

1.63 

1.595 

1.44 

1 

2.134 

1.27 

2.986 

1.10 

2.4:i8 

0.97 

0.292 
1.830 
0.329 
1.350 
3.203 
2.680 
3.945 
1.436 
2.932 
1.551 
0.893 
0.299 
0.286 
0.224 

3.178 

0.84 

4.793 

0.68 

5.113 

0.57 

4.323 

0.45 

2.171 
3.117 
5.955 
4.805 
3.698 
4.362 
0.481 
0.418 
0.601 
0.373 
25.981 

8.871 

0.36 

3.144 

0.28 
0.24 
0.20 
0.15 
0.12 
0.10 
0.08 
0.00 

0.402 
1.684 
4.729 
4.713 
3.660 
2.296 
2.216 
1.328 
21.028 

3.655 
1.079 
0.969 
0.581 
0.223 
0.050 
0.054 
0.146 

Total  tons..... 

21.486 

20.750 

45.538 

Analyses  of  the  above  products  giving  percentages  of  galena  (PbS)   and 
quartz  (SiO,). 


Size. 

Run  No.  1. 

Run  No.  2. 

Run  No.  8. 

Run  No.  4. 

Run  No.  5. 

On. 

Galena. 

PerCtT 

73.47 

75.39 

69.47 

62.80 

54.75 

43.80 

31.40 

20.10 

16.70 

11.30 

8.11 

6.44 

4.92 

3.68 

4.44 

6.65 

7.26 

32.23 

90.46 

Quarte. 

Per  Ct. 
26.53 
24.61 
30.63 
37.20 
46.25 
66.20 
68.60 
79.90 
83.30 
88.70 
91.89 
93.56 
95.08 
96.32 
95.56 
93.35 
92.74 
67.77 
9.54 

76.42 

Galena. 

Quartz. 

Galena. 

Quartz . '  Galena.  Quartz . 

Galena. 

Quartz. 

mm. 
2.06 

Per  Ct. 

PerCt.   PerCt. 

Per  Ct.   Per  Ct 
.  1 .„ 

PerCt. 


PerCt. 

38.43 

41.68 

30.21 

22.69 

18.04 

13.85 

11.43 

9.92 

9.60 

9.07 

8.40 

PerCt. 
61.57 

1.63 

;;::;; ; i:;:;;;:;;r;;;;;;; 

58.82 

1.44 

1 

69.79 

1.27 

1 

77.31 

1.10 

I 

1 

81.96 

0.97 

90.46 

89.46 

81.60 

69.23 

37.50 

20.22 

12.81 

8.41 

7.26 

6.36 

4.49 

7.45 

11.72 

48.33 

26.63 

9.54 
10.54 

1 

:::::::::i::::::::: 

86.16 

0.84 

::::::::.r:::::;;: ;::;;::;;;:::;::::: 

ii8.57 

0.68 

18.40 

!            ,            1 

90.08 

0.57 

30.77 
62.50 
79.78 
87.19 
91.59 
92.74 
94.64 
95.51 
92.55 
88.28 
61.67 

73.37 

''':'''::::':':c:':::y::::::::. 

90.40 

0.46 

66.66  :  33.34 

23.67  I  76..^.^ 

90.93 

0.36 

1 

91.60 

0.28 
0.24 
0.20 
0.15 
0.12 
0.10 
0.08 
0.00 

14.10 
6.60 
5.16 
5.01 
6.56 
6.46 
10.24 
70.76 

85,90 
93.40 
94.84 
94.99 
93.44 
93.54 
89.76 
29.24 

29.43    70.57 

19.74    80.26 

11.78    88.22 

8.25    91.75 

7.10  !  92  90 

6.81  .  93.19 

9.22  !  90.78 

51.84  !  48.16 

8.36 
7.75 
8.27 
10.20 
17.39 
26.88 
58.90 
90.87 

91.64 
92.25 
91.73 
89.80 
82.61 
73.12 
41.10 
9.13 

Total     oQ  KQ 
midd.  23.58 

15.90 

84.10 

12.84 

87.16 

13.71 

86.29 

[14] 
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Table  X. — Proportion  of  Quartz  and  Galena  in  Products. 

Note. — Tailings  sized  and  weighed  and  the  weights  computed  in  tons  and 
fractions  of  a  ton  on  the  100- ton  basis. 


Size. 

Run 

Run 

Run 

Run 

Run 

On. 

No.  L 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

mm. 
2.06 

3.777 

2  003 

1.63 

14.713 

11.883 

1.44 

11.145 

9  065 

M.,    MM. 

1.27 

8.085 

10.600 

1.10 

6.174 

4.294 

0.97 

7.322 

11.860 

4.452 

0.84 

5.191 

16.217 



1.489 

0.68 

3.350 

8.821 

... 

0.682 

0.57 

2.078 

5.789 

0.405 

0.45 

2.501 
1.581 

11.639 
4.167 

20.635 
11.120 

0.396 

0.36 

0.162 

0.28 

1.056 

3.315 

10.790 

0.400 

0.456 

0.24 

0.523 

0.915 

2.829 

2.019 

0.303 

0.20 

0.633 

2.341 

3.277 

12.345 

0.680 

0.15 

0.739 

1.860 

3.574 

11.948 

1.075 

0.12 

1.139 

1.781 

4.308 

9.015 

0.507 

0.10 

0.624 

1.067 

1.113 

6.118 

0.614 

0.08 

0.948 

1.461 

2.965 

9.778 

0.878 

0.00 

1.277 

1.670 

2.202 

8.864 

0.742 

Total  tons.... 

72.85« 

72.903 

62.813 

60.487 

50.686 

Analyses  of  the  above  products  giving  percentages  of  galena  (PbS)  and 
quartz  (SiOs). 


6iie. 

Run  No.  1. 

Run  No.  2. 

Run  No.  3. 

Run  No.  4. 

Run  No.  5. 

On. 

Galena. 

Quarts. 

Galena. 

Quartz. 

Galena. 

Quartz. 

Galena. 

Quartz. 
PeTct. 

Galena. 

Per  Ct. 
0.00 
0.00 
0.00 
0.05 
0.02 
0.02 
0.03 
0.01 
0.08 
0.05 
0.68 
0.80 
0.74 
0.82 
0.76 
1.16 
1.71 
3.00 
12.17 

Quartz. 

mm. 
2.06 

PerCt. 
0.40 
0.40 
0.50 
0.20 
0.01 
0.02 

PerCt. 
99.60 
99.60 
99.50 
99.80 
99,99 

QO  0» 

Per  Ct. 

Per  Ct. 

Per  Ct. 

Per  Ct. 

Per  Ct. 

PerCt. 
100.00 

1  63 

100.00 

1  44 

100.00 

1.27 

99.95 

1.10 

99.98 

0  97 

0.02 
0.01 
0.00 
0.00 
0.00 
0.12 
0.16 
0.26 
0.80 
1.40 
1.89 
1.69 
2.60 
17.85 

99.98 
99.99 
100.00 
100.00 
100.00 
99.88 
99.84 
99.74 
99.20 
98.60 
98.11 
98.31 
97.40 
82.15 

99.98 

0  84 

0.00  100.00 

99.97 

0.68 

0.00 
0.00 
0.00 
0.08 
0.12 
0.69 
1.24 
1.45 
L82 
2.88 
3.43 
1  17.50 

100.00 
100.00 
10000 
99.92 
99.88 
99.31 
98.76 
98.55 
98.18 
97.12 
96.57 
82.50 

99.99 

0  57 

99.92 

0  45 

0.00 
0.16 
0.64 
2.03 
1.19 
1.49 
1.65 
1.60 
1.51 
8.55 

100.00 
99.84 
99.36 
97.97 
98.81 
98.51 
98.35 
98.40 
98.49 
91.45 

99.95 

0.36 

99.32 

0.28 
0.24 
0.20 
0.15 
0.12 
0.10 
0.08 
0.00 

2.95 
0.41 
0.69 
1.00 
1.26 
1.76 
1.49 
4.28 

97.05 
99.69 
99.31 
99.00 
98.74 
98.24 
98.51 
95.72^ 

98.39 

99.20 
99.26 
99.18 
99.24 
98.84 
98.29 
97.00 
87.83 

Total 
tailings 

1    0.51 

99.49 

0.61 

99.39 

0.90 

99.10  ,    1.61 

0.29 

99.71 

[15] 
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sizes,  but  the  quantity  is  so  small  that  these  losses  are  insigaifi- 
cant. 

Table  XI. — Proportion  of  Q}iartz  and  Galena  in  Products. 

Note. — Slimes  sized  and  weighed.     The  weights  are  computed  in  tons  and  parts 
of  a  ton,  on  the  100-ton  basis. 


Sizes. 

Run 
No.  1. 

Run 

No.  2. 

Run 
No.  3. 

1 

Run  ' 
No.  4. 

Run 

Through. 

On. 



mm. 
0.36 
0.28 
0.24 
0.20 
0.15 
0.12 
0.10 
0.08 
0.00 

No.  5. 

mm. 
0.45 

0.156 
0.047 
0.036 
0.053 
0.063 
0.052 
0.068 
0.134 
0.935 
"  1.544  ■ 

0.36 

' 

0.214 
0.026 
0.044 
0.091 
0.138 
1.515 
1.268 
9.846 
13.142 

6.063 

0.28 

,  1,, 

0.004 

0.24 

0.032 
0.072 
0.062 
0.149 
0.446 
2.613 
3.374 

1 

0.007 

0.20 
0.15 
0.12 
0.10 
0.08 

6.207 

i       0.078 

1      0.241 

1.662 

4.351 

0.027 
0.037 
0.038 
0.244 
0.606 

Total  tons 

6.539 

0.966 

Analyses  of  the  above  products  giving  percentages  of  galena  (PbS)  and  quartz  (SiOt). 


Sizes. 


Run  No.  1. 


Thro.  1    On. 


Galena.  'Quartz. 


mm. 
0.45 
0.36 


mm. 
0.36 
0.28 


0.28 

0.24 

0.24 

0.20 

0.20 

0.15 

0.15 

0.12 

0.12 

0.10 

0.10 

0.08 

0.08 

0.00 

Total  slimes.. 


PerCt. 
0.00 
10.20 
10.00 
I  10.81 
12.58 
19.00 
24.28 
27,04 
28^1_ 
18.90 


Per  Ct. 
100.00 
89.80 
90.00 
89.19 
87.42 
81.00 
75.72 
72.96 
71.69 


Run  No.  2. 


Run  No.  8. 


Run  No.  4. 


Galena.  Quartz.; Galena.  Quartz.! Galena.  Quartz. 


81.10 


Per  Ct. 


14.04 
7.94 
7.26 
7.19 
5.03 

10^72 
9.71' 


PerCt   Per  a. 


85.96 
92.06 
92.74 
92.81 
94.97 

89.28  

90.29  I  12.18 


45.21 
21.21 
17.53 
8.53 
11.53 


Run  No.  5. 


Galena.  Quartz. 


Per  Ct.;  Per  Ct.'  Per  Ct.|  Per  Ct.  Per  a. 


64.79 
78.79 
82.47 
91.47 
88^ 
87.82 


48.54 

54.65 

40.22 

37.16 

28.96 

9.37 

6.87 

8.76^ 

9.'96 


51.46 
45.45 
59.78 
62.84 
71.04 
90.63 
93.13 
9J.24_ 
90.04 


18.30 

16.40 

11.80 

8.10 

6.50 

6.00 

6.40 

19.40 


14.62 


81.70 
84.60 
88,20 
91.90 
93.60 
9.5.00 
93.60 
80.60 

85.38 


Commenting  upon  runs  Nos.  6  to  11,  Table  XII.,  as  com- 
pared with  runs  Nos.  1  to  6,  we  note  immediately  that  the 
concentrates  all  the  way  through  are  almost  pure  galena  with 
scarcely  any  quartz,  and  the  tailings  are  almost  pure  quartz 
and  scarcely  any  galena.  The  middlings,  as  remarked  before, 
are  so  small  in  quantity  that  they  affect  the  runs  but  little,  and 
when  we  consider  that  they  can  go  directly  back  on  to  the 
table  in  the  continuous  run,  they  do  not  affect  the  result  at  all. 
This  set  of  runs,  Nos.  6  to  11,  therefore  appears  to  distance  runs 
Nos.  1  to  5  in  the  competition.  There  is  really  no  comparison, 
since  runs' Nos.  1  to  5  are  not  in  the  same  class  with  them. 

[16] 
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Table  Xn. — Results  of  Buns  Nos.  Q  toll  Computed  to  Full  Size. 

Note. — ^The  weights  of  products  have  been  computed  in  tons  and  fractions 
thereof. 


Run 
No.  6. 

Run 
No.  7. 

Run 
No.  8. 

Run 
No.  9. 

Run 
No.  10. 

Run 
No.  11. 

Concentrates 

MiddHPgB. rrr- 

Tons. 
6.537 
1.647 

91.816 
0.000 

Tons. 
9.728 
1.901 

88.371 
O.OOO 

Tons. 
12.064 

1.694 
86.242 

0.000 

Tons. 
13.168 

1.602 
85.230 

0.000 
100.000 

Tons. 
12.171 

5.310 
82.519 

0.000 

Tons. 
15.137 
3.170 

Tailinga. 

81.693 

Slimes 

0.000 

Totol !   100.000 

100.000 

100.000 

100.000 

100.000 

Analyses  of  the  above  products  giving  percentages  of  galena  (PbS)  and 
quartz  (SiOs). 


Ran  No.  6. 


Concentrates.... 

Middlings 

Tailings. 

Slimes. 


I  I  ^ 

L'  ^_ 

Per     Per 

I  Cent.!  Cent. 

..199.23     0.77 

,-'59.67  140.88 

...    0.04   99.96 


I 


Run  No.  7.  I  Run  No.  8. 


o 


Per 
Cent. 
99.28 
28.10 

0.00 


Per  1  Per 

Cent.  Cent. 

0.77,99.01 

76.90  17.00 

100.00,  0.09 


13 

A 

Per 
Cent. 

0.99 
83.00 
99.91 


Run  No.  9.    Run  No.  10. 


J^ 
Per 
Cent. 
97.50 
22.60 
0.85 


A 

Per 
Cent 
'2.50 
77.40 
99.66 


73 
'  o 
;  Per 

Cent. 
199.31 
119.97 

0.24 


Per 
Cent. 

0.69 
80.08 
99.76 


Run  No.  11. 


Per 

Cent. 
97.86 
15.35 
0.44 


I 
Per 
Cent. 

2.14 
84.65 
99.56 


Comparing  the  concentrates  of  runs  Nos.  12  to  17,  Table 
Xni.,  we  see  in  the  first  place  an  enormous  heaping-up  of  con- 
centrates in  run  No.  12.  The  weight,  49  tons,  is  more  than 
double  the  weight  of  all  the  other  five  runs  in  this  set  put 
together.  This  heaping-up  of  the  great  quantity  of  concen- 
trates on  the  table  which  treats  the  first  spigot  of  a  classifier  is 
one  of  the  prominent  features  of  the  use  of  a  classifier  in  prep- 
aration for  feeding  Wilfley  tables.  If  we  look  at  the  total 
percentage  of  galena  and  quartz  in  the  concentrates  of  run  No. 
12  we  see  that  they  contain  99.26  per  cent,  of  galena  and  0.74 
per  cent,  of  quartz.  This  makes  an  extremely  good  showing, 
and  one  which  bids  for  favorable  consideration  of  the  classifier 
set. 

Looking  at  the  later  spigots,  that  is  to  say,  runs  Nos,  18  to  17, 
inclusive,  in  the  analyses,  we  see  that  the  percentage  of  quartz 
looks  high  in  the  coarser  sizes.  This  would  seem  a  serious 
disadvantage  if  it  were  not  for  the  fact  that  these  products 
which  have  the  high  percentages  of  quartz  are  so  small  in 
quantity  that  the  quartz  cuts  scarcely  any  figure  in  the  final 
percentage  of  quartz  in  the  concentrates.     Altogether  this  set 

[17] 
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Table  XLU,— Results  of  Runs  Ms.  12  to  17  Computed  to  Full  Size. 

Note. — The  concentrates  have  been  sized  and  weighed  and  the  weights  computed  in 
tons  and  fractions  thereof  on  the  100-ton  basis. 


Total  tons 


Run 

No.  12. 


0.128 
4.869 
6.331 
7.861 
4.455 
4.093 
5.837 
3.674 
3.615 
4.347 
2.063 
1.232 
0.445 
0.330 
0.152 
0.088 
0.029 
0.055 
0.045 


49.649 


Run 
No.  13. 


Run 
No.  14. 


Run 
No.  16. 


Run 
No.  16. 


0.001 
0.001 
0.002 
0.002 
0.002 
0.011 
0.036 
0.124 
0.730 
1.208 
0.687 
0.384 
0.393 
0.223 
0.084 
0.021 
0.029 
0.012 


3.950 


|- 


0.0003 

0.0003 

0.0003 

0.0002 

0.0003 

0.001 

0.002 

0.006 

0.054 

0.174 

0.656 

0.415 

0.697 

0.701 

0.393 

0.143 

0.104 

a.052     I 


.S.398 


0.0005 
0.0003 
0.0003 

o.oca5 

0.001 
0.005 
0.012 
0.060 
0.110 
0.332 
1.176 
1.321 
0.551 
1.057 

0.315 

4.940    I       5.717 


Run 

No.  17. 


0.0005 

0.0006 

o.oow 

0.001 

0.(004 

0.004 

0.0023 

0.007 

0.004 

0.049 

0.015 

0.077 

O.Olo 

0.138 

0.057 

0.220 

0.108 

0.634 

0.086 

0.748 

O.109 

2.300 

0.934 

1.539 

3.t).)0 

4.980 


Analyses  of  the  above  products  giving  percentages  of  galena  (PbS)  and  quartz  (SiOj). 


Slxe. 

Run  No.  12. 

Run  No.  13. 

Run  No.  14. 

Ran  No.  15. 

Run  No.  16. 

Run  No.  r. 

On. 

Galena. 

Quartz. 

Galena. 

Quartz. 

Galena. 
Per  Ct. 

Quartz. 
Per  Ct. 

Galena. 

Quartz. 

Galena. 
Pfer  Ct. 

Quartz. 

Galena.  Quaiu. 

mm. 

Per  Ct. 

Per  Ct. 

Per  a. 

Per  Ct. 

PerCt. 

Per  Ct. 

PerCt 

PerCt    Per  a 

2.06 

100.00 
99.96 
99.96 
99.95 
99.84 
99.69 
99.45 

0.00 
0.04 
0  04 
0.05 
0.16 
0.31 
0.55 

1.63 

100.00 
100.00 
93.10 
91.45 
89.69 
96.63 

0.00 
0.00 
6.90 
8.55 
10.31 
4.37 

60.00 
75.00 
75.00 
85.71 
80.00 
98.13 

40.00 
25.00 
25.00 
14.29 
20.00 
1.87 

1  44 

1  27 

i :::: 

1  10 

0.00 
87.60 

85.72 

100.00 
12  50 

0  96 

0.84 

14.28 

0.00  100.00 

0.68 

99.03 

0.97 

96.16 

3.85 

97.58 

2.42 

50.00 

50.00  ,  63.63  ;  36.37 

50.66 '  5oi 

0.57 

98.76 

1.24 

97.49 

2.51 

97.75 

2.25 

50.00 

50.00 

88.24    11.76 

33.33    66.67 

0.45 

97.80 

2.20 

98.01 

1.99 

96.06 

3.94 

73.36 

26.64 

88.78 

11.22 

93.80  i    6.20 

0.36 

97.05 

2.95 

98.80 

1.20 

96.58 

3.42 

20.50 

79.50 

92.53 

7.47 

96.52,    3.4S 

0.28 

96.96 

3.04 

98.24 

1.76 

98.02 

1.98 

95.84 

4.16 

93.54 

6.46 

98.20'    l.J^O 

0.24 

96.85 

3.15 

98.96 

1.04 

98.57 

1.43 

97.46 

2.54 

97.44      2.56 

98.68      1-42 

0.20 

97.51 

2.49 

99.35 

0.65 

99.05 

0.95 

98.93 

1.07 

96.37      3.63 

99.36.    0.64 

0.15 

97.51 

2.49 

99.58 

0.42 

99.42 

0.58 

99.46 

0.54 

96.41 

3.59 

99.19,    0.81 

0.12 

98.88 

1.12 

99.81 

0.19 

99.80 

0.20 

99.76 

0.24 

97.14 

2.86 

97.561    2.44 

0.10 

97.77 

2.23 

99.82 

0.18 

99.88 

0.12 

99.83 

0.17 

98.37 

1.63 

96.92,    3.08 

0.08 

97.71 

2.29 

99.83 

0.17 

99.86 

0.14 

99.86 

0.14 

99.31 

0.69 

99.30 '    O./O 

0.00 

96.86 

3.14 

99.64 

0.36 
1.38 

99.88 
98.85 

_0.12 
1.15 

9^84 
98.35 

0.16    99.84      0.16 

99.86!  J.H 

ToUl 

MIMOt's. 

99.26 

0.74 

98.62 

1.65 

98.84 

1.16 

99.62      0.38 

[18] 
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Table  XIV. — Results  of  Runs  Nos.  12  to  17  Computed  to  Full  Size. 

Note. — The  middlings  have  been  sized  and  weighed  and  the  weights  computed  in  tons 
and  fractions  thereof  on  the  100-ton  basis. 


Sizes. 

Run 
No.  12. 

Run 
No.  13. 

Run 
No.  14. 

Run 
No.  15. 

Run 
No.  16. 

Run 

No.  17. 

Through. 

On. 

mm. 

mm. 
2.49 
2.06 
1.63 
1.44 
1.27 
1.10 
0.96 
0.84 
0.68 

0.005 
0.061 
0.788 
0.602 
0.951 
0.676 
0.605 
0.758 
0.473 



2.49 

0.001 
0.015 
0.026 
0.037 
0.014 
0.018 
0.078 
0.120 

2.06 

0.002 
0.001 
0.002 
0.002 
0.002 
0.005 
0.011 

1.63 

1.44 

1.27 

1.10 

0.0003 
0.0003 
0.002 

0.96 

0.001 
0.001 

0.84 

0.001 

0.68 

0.57 

0.263 

0.194 

0.033 

0.003 

0.003 

0.001 

0.57 

0.45 

0.234 

0.494 

0.092 

0.020 

0.011 

0.003 

0.45 

0.36 

0.042 

0.188 

0.133 

0.031 

0.025 

0.004 

0.36 

0.28 

0.030 

0.089 

0.236 

0.139 

0.064 

0.075 

0.28 

0.24 

0.015 

0.014 

0.048 

0.093 

0.070 

0.080 

0.24 

0.20 

0.011 

0.011 

0.068 

0.250 

0.213 

0.281 

0.20 

0.15 

0.004 

0.(r03 

0.020 

0.146 

0.299 

0.809 

0.16 

0.12 

0.004 

0.002 

0.005 

0.076 

0.188 

1.013 

0.12 

0.10 

0.001 

0.001 

0.001 

0.015 

0.051 

0.531 

0.10 

0.08 

0.004 

0.001 

0.001 

0.028 

0.060 

O.909 

0.08 

0.00 

0.007 

0.001 

0.001 

0.025 

0.057 

0.555 

Total  tons. 

5.534 

1.307 

0.663 

0.828 

1.043 

4.262 

Analyses  of  the  above  products  giving  percentages  of  galena  (PbS)  and  quartz  (SiOs). 


Size. 

Run  No.  12. 

Run  No.  13. 

Run  No.  14. 

Run  No.  15. 

Run  No.  16.     1    Run  No.  17. 

On. 

Galena.  Quartz. 

Galena. 

Quartz. 
PerCt. 

Galena. 

Quartz. 

Galena. 

Quartz. 

Galena. 
Per  Ct. 

Quarta. 

I 
Galena. 

PeTct. 

Quartz. 

mm. 

PerCt 

Per  Ct. 

Per  Ct. 

Per  Ct. 

Per  Ct. 

Per  Ct. 

Per  Ct. 

Per  Ct. 

Per  Ct. 

2.49 

0.00 
22.34 
31.80 
25.40 
17.70 

7.9.^ 

100.00 
77.66 
68.20 
74.60 
8230 
92.07 
93.27 
95.96 

2.06 

0.00 
8.84 
10.87 
21.33 
28.29 
39.39 
38.92 

100.00 
91.16 
89.13 
78.67 
71.71 
60.61 
61.08 

1.63 

68.18 
55.55 
31,82 
41.40 
33.33 
44.45 

31.82 
44.45 

1.44 

1 

1.27 

68.18 
58.60 
66.67 

I 

1.10 

1 

0.96      6.73 

16.67 

83.33 
83.33 

' 

0.84  ,    4.04 

56.55 

16.67 

66.67    33.33 

1 

0.68 

3.10 

96.90 

29.42 

70.68 

42.44 

57.56 

59.45 

40.55 

23.08 

76.92 

64.29 

35.71 

0.57 

2.43 

97.57 

26.14 

74.86 

37.50 

62.50    61.54 

38.46 

66.67 

33,33 

52.39 

47.61 

0.45 

3.56  :  96.44 

31.00 

69.00 

38.80 

61.20 

62.27 

37.73 

79.58 

20.42 

75.52 

24.48 

0.36      5.58  1  94.42 

47.93 

52.07 

38.58    61.42 

59.76 

40.24 

47.72 

62.28 

83.34, 

16.66 

0.28      9.57 

90.43 

49.53 

50.47 

32.44  :  67.56 

33.33 

66.67 

28.51 

71.49 

28.17  1 

71.83 

0.24    16.15 

83.85 

46.20 

53.80    28.12 

7L88 

18.51 

81.49 

11.15 

88.85 

10.67 

89.33 

0.20    22.80 

77.20 

52.99 

47.01 

26.72 

73.28 

18.45 

81.55 

5.86 

94.14 

4.60. 

95.40 

0.15 

27.33 

72.67 

71.90 

28.10 

32.77 

67.23 

16.93 

83.07 

4.91 

95.09 

2.25  1 

97.75 

0.12 

95.98 

4.02 

88.22 

11.78 

42.00 

58.00 

23.79  .  76.21 

6.27 

93.78 

3.54 

96.46 

0.10 

96.91 

3.09 

92.04 

7.96 

60.78 

39.22  1  41.44 

58.66 

n.32  1  88.68 

5.10 

94.90 

0.08  :  97.92 

2.08 

91.95 

8.05 

74.16  :  25.84  |  79.81 

20.19 

40.12  !  59.88 

11.12 

88.88 

0.00  1  98.06 

1.94 

96.40 
33.95 

3.60 

6.32 

93.68  !  98.07 

1.93 

90.42 

9.58 
83.75 

82.98 

17.02 

Jld-^Js' 13.85 

86.15 

66.05 

34.43 

65.57 

28.90 

71.10 

16.26 

16.28  ; 

83.72 

[19] 
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of  concentrates  is  so  good  that  it  would  be  accepted  by  any 
mill,  even  the  Missouri  mills,  where  such  clean  concentration 
is  required. 

Looking  at  the  middlings,  Table  XIV.,  we  see  that  the  quan- 
tity is  extremely  small,  and  can  be  made  to  disappear  in  a  con- 
tinuous run  by  feeding  them  back  on  to  the  table  without  harm- 
ing either  the  concentrates  or  the  tailings.  They  have,  how- 
ever, some  very  interesting  features  that  are  worthy  of  note. 
The  galena  in  the  12th  run  runs  high  in  the  coarse  and  in  the 
fine,  and  very  low  in  the  middle  sizes,  there  being  a  great 
heaping-up  of  quartz  in  this  part.  This  same  point  is  true  in 
the  16th  and  17th  runs  to  a  very  marked  degree.  It  is  again 
true  to  a  less  marked  degree  in  the  14th  and  15th  runs,  and  it 
appears  not  to  be  true  at  all  in  the  18th  run. 

Looking  at  the  tailings.  Table  XV.,  we  see  that  run  No.  12 
stands  out  pre-eminent,  having  only  0.29  per  cent,  of  galena  in 
the  whole  tailings,  and  the  tailings  of  runs  Nos.  13  to  17  are 
very  low  in  galena,  and  would  probably  pass  in  any  concentrat- 
ing establishment. 

We  have  one  feature  here  which  does  not  and  cannot  happen 
in  sized  runs,  Nos.  6  to  11 — viz.,  the  tailings  get  richer  in 
galena  down  to  the  finer  sizes ;  but  when  we  look  at  the  ton- 
nage we  find  that  there  is  scarcely  any  weight  of  material  down 
in  those  sizes,  and  therefore  this  loss  is  not  serious  and  does 
not  bring  up  the  percentage  of  galena  in  the  final  tailings  to  a 
serious  extent. 

Fig.  4  is  an  ideal  sketch  of  what  happens  at  the  discharging- 
corner  of  a  Wilfley  table.  Running  from  coarse  on  the  lower 
edge  to  fine  on  the  upper,  A,  B^  C,  D,  E,  F,  (x,  and  H  repre- 
sent the  diiFerent  sizes  of  galena.  It  appears  that  they  arrange 
themselves  approximately  according  to  this  order  on  the  Wil- 
fley table.  In  like  manner,  the  quartz-grains  arrange  them- 
selves approximately  in  order  of  size,  beginning  at  the  lower 
edge  with  the  largest  grade  and  running  smaller  and  smaller 
upwards,  as  indicated  by  the  letters  J,  J,  K,  i,  J!f,  iV,  0,  and 
P.  The  slimes  at  once  take  oiFthe  galena  (iZ),  and  the  quartz 
(P).  These  finest  of  all  grains  have  not  sufficient  weight  to 
hold  them  up  to  the  upper  edge,  where  mathematical  logic 
would  place  them.  They  therefore  go  into  the  slimes.  The 
next  grade,  G  (galena),  and  0  (quartz),  are  not  fine  enough  to 

[20] 
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Table  XV.—Besults  of  Buns  Nos.  12  to  17  Computed  to  FuU  Size. 

Note. — The  tailings  have  been  sized  and  weighed  and  the  weights  computed  in  tons  and 
fractions  thereof  on  the  100-ton  basis. 


Size. 
On. 


Run 
No.  12. 


Run 
No.  13. 


mm. 

2.49 

0.042 

0.043 

2.06 

1.762 

1.336 

1.63 

18.040 

18.429 

1.44 

10.232 

21.674 

1.27 

8.176 

20.207 

LIO 

2.828 

11.066 

0.96 

1.590 

7.877 

0.84 

1.457 

7.835 

0.68 

0.281 

2.676 

0.57 

0.178 

2.098 

0.45 

0.103 

1.122 

0.36 

0.021 

0.121 

0.28 

0.019 

0.097 

0.24 

0.015 

0.038 

0.20 

0.017 

0.024 

0.15 

0.012 

0.019 

0.12 

0.015 

0.014 

0.1O 

0.002 

0.009 

0.08 

o.oio 

0.029 

0.00 

0.017 

0.029 

Total  tons..... 

44.817 

94.743 

Run 

Run 

Run 

Run 

No.  14. 

No.  15. 

No.  16. 

No.  17. 

0.056 
2.083 
4.484 

0.027 
0.023 
0.017 

0.016 

0.016 

0.011 

11.129 

0.030 

0.016 

0.011 

9.834 

0.071 

0.016 

0.011 

8.167 

0.185 

0.021 

0.022 

13.670 

0.780 

0.026 

0.016 

13.131 

1.843 

0.047 

0.033 

11.080 

7.316 

0.163 

0.044 

14.410 

21.8.51 

2.381 

1.945 

4.532 

20.371 

5.709 

5.423 

2.604 

30.530 

34.072 

31.480 

0.437 

5.486 

17.393 

17.182 

0.220 

4.473 

18.103 

19.917 

0.087 

0.790 

10.150 

10.175 

0.033 

0.240 

3.129 

2.845 

0.010 

0.084 

1.249 

0.911 

0.010 

0.071 

0.580 

0.544 

0.012 

0.044 

0.169 

0.172 

95.939 

94.232 

93.240 

^0.758 

Analyses  of  the  above  products  giving  percentages  of  galena  (PbS)  and  quartz  (SiOi). 


sue.' 

Bun  No.  12. 

Run  No.  18. 

Run  I 
Galena. 

^0. 14. 

Run  No.  15. 

Run  No.  16. 

Rnn  No.  17. 

On. 

Salena. 

Quartz. 

Galena. 

Quartz. 

Quartz. 

Galena. 'Quartz. 

Galena. 
PerCt. 

QuarU. 

Galena. 

Quartz. 
PerCt 

mm. 

PerCt.  Per  a. 

PerCt. 

Per  Ct. 

PerCt.    PerCt. 

Per  Ct. 

PerCt. 

Per  Ct. 

Per  Ct. 

2.49  1 

0.00 
0.00 
0.00 
0.52 

100.00 
100.00 
100.00 

0.00 

100.00 

' 

2.06 

0.00  100.00 
0  OR     ftQ  09 

o.oo  ioo.O') 

0.00   100-00 

0.00 
0.00 

100.00 
100  00 

1 

1.63 

1.44 

99.4S      6.07  1  99.93 

0.09 

99.91 

0.00  1100.00 

0.00 

100  00 

0.00 

100.00 

1.27  ' 

0.20 
0.38 
0.67 
0.74 
0.76 
L20 

99.80      0.48 

99.52 
99.91 
99.82 
99.82 
99.46 
98.84 

0.06 
0.06 
0.03 
0.03 
0.02 
0.02 

99.94 
99.94 
99.97 
99.97 
99.98 
99.98 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100  00 
100.00 
100.00 
100.00 
lOOOO 
100  00 

0.00 
0.00 
0.00 
0.00 

100.00 
100.00 
100.00 
100  00 

' 

1.10 

99.62 
99.33 
99.26 
99.24 
98.80 

0.09 

0.18 
0.18 
0.54 
1.16 

1 

0.96 

i 

0.84 

0.68 

1.10  '  »8-ft0 

0.57 

0.32 

99.68 

0.66 

100.00 

0.45 

1.03 

98.97 

6.04 

93.96 

0.10 

99.90 

0.17 

99.83 

0.86 

99.14 

1.36 

98.64 

0.36 

1.28 

98.72 

16.00 

84.00 

0.84 

99.16 

0.23 

99.77 

0.45 

99.65 

0.69 

99.31 

0.28 

7.08 

92.92 

33.05 

66.95 

2.08 

97.92 

0.98 

99.02 

0.17 

99.83 

0.34 

99.66 

0.24 

9.22 

90.78 

27.60 

72.40 

3.88 

96.12 

0.27 

99.73 

0.30 

99.70 

0.68 

99.42 

0.20 

5.64 

94.36 

19.00 

81.00 

5.21 

94.79 

0.43 

99.57 

0.35 

99.66 

0.55 

99.45 

0.15 

5.90 

94.10 

13.32 

86.68 

7.73 

92.27 

3.30 

96.70 

0.44 

99.66 

0.54 

99.46 

0.12  1 

7.60 

92.50 

15.30 

84.70 

9.59 

90.41 

8.97 

91.03 

0.87 

99.13 

1.01 

98.99 

0.10 

5.40 

94.60  j  40.40 

59.60 

72.79 

27.21 

17.32 

82.68 

1.83 

98.17 

2.07 

97.93 

0.08 

28.38    71.62 '55.55 

44.45 

21.43 

78.57 

26.65    73.46 

7.04 

92.96 

7.38 

92.62 

0.00  i 

85.93    14.07  :  87.00 

13.00 

68.68 

31.32 

68.32  1  31.68 

42.36 

57.64 
99.64 

44.28 

55.72 

Total 
tail'gs. 

0.29 

99.71 

0.36 

99.64 

0.20 

99.80 

0.55  1  99.45 

0.46 

0.66 

99.34 

[21] 
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go  into  the  slimes  nor  coarse  enough  to  stand  up  against  the 
water-current  in  the  position  shown  in  the  sketch.  These 
grains  are  found,  therefore,  sprinkled  through  the  concentrates, 
middlings  and  tailings.  See  the  heaping-up  of  galena  in  the 
small  sizes  in  Tables  VIII.,  IX.  and  X. 

Having  laid  out  our  argument  in  this  way,  it  now  remains 
for  us  to  compare  by  means  of  this  diagram  runs  Nos.  1  to  5, 


H 

/*. 
o 

N- 
C 


>£flSSSf9<0-o:: 


-^mm- 


,o; 


B      L       A       K  J  I 

Fig.  4. — Ideal  Sketch  of  the  Arrangement  of  Grains  by  a  Wilfley 

Table. 

6  to  11,  and  12  to  17,  and  to  see  why  it  is  that  runs  Nos.  6  to 
11  and  Nos.  12  to  17  are  so  much  better  than  runs  Nos.  1  to  5. 
Runs  Nos.  1  to  5  take  the  products  just  as  they  are  shown  in 
Fig.  4  and  give  galena,  C,  D,  E,  F,  in  the  concentrates  con- 
taminated by  quartz,  {N),  See  the  heaping-up  of  the  quartz  a 
little  below  the  middle  size  in  Table  VIII.,  and  the  middlings 
that  give  quartz,  iT,  i,  and  M,  contaminated  by  galena,  A^  B, 

[22] 
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C,  and  6r.  See  the  heaping-up  of  galena  among  the  large  grains 
and  among  the  small  grains  in  Table  IX.,  and  the  tailings  have 
in  them  the  quartz,  J,  J,  and  0,  contaminated  by  galena,  G. 
See  the  heaping-up  of  galena  in  the  fine  sizes  in  Table  X. 
Runs  Nos.  6  to  11,  on  the  other  hand,  have  put  together  on  the 
coarse  table,  quartz,  J,  and  galena,  A,  which  have  nothing  what- 
ever to  do  with  one  another  (see  Table  XIL),  and  therefore 
make  almost  100  per  cent,  of  galena  in  the  concentrates,  and 
almost  100  per  cent,  of  quartz  in  the  tailings.  The  little  acci- 
dental middling-product,  simply  being  the  dividing-line  be- 
tween the  two  products,  goes  back  on  the  table  and  disappears. 
On  the  second  table  we  treat  quartz,  J,  and  galena,  J5,  with  the 
same  result.  On  the  third  table  we  treat  quartz,  K^  and  galena, 
C,  with  the  same  result.  On  the  fourth  table  quartz,  i,  and 
galena,  D  ;  on  the  fifth  table  quartz,  M^  and  galena,  E;  on  the 
sixth  table  quartz,  iV,  and  galena,  F,  There  seems  no  reason 
logically  why  these  should  not  turn  out  100  per  cent,  of  galena 
in  the  concentrates  and  100  per  cent,  of  quartz  in  the  tailings. 
The  probable  reason  why  we  did  not  obtain  those  figures  was 
that  the  accidental  flat  scales  and  the  fine  abrasions  of  galena 
went  where  they  should  not. 

Going  to  the  third  set  of  runs,  Nos.  12  to  17,  we  need  to 
bring  in  an  ideal  picture  of  the  products  of  a  classifier  by 
means  of  Fig.  5.  Suppose,  for  example,  that  we  drop  into  a  tall 
tube  of  water  grains  of  quartz  ranging  from  our  maximum 
size  down  to  zero,  and  grains  of  galena  in  the  same  way,  and 
that  these  grains  are  of  approximately  the  same  shape,  then  the 
rate  of  settling  of  these  grains  may  be  stated  in  the  following 
terms:  the  larger  grains  of  a  single  mineral  will  settle  faster 
than  the  smaller  grains ;  and  when  we  compare  the  two  gravi- 
ties of  quartz  and  galena,  the  higher  gravity  will  settle  faster 
than  the  lower  gravity  for  the  same  size.  So  definite  is  this 
law  that  if  we  look  for  equal-settling  particles,  we  shall  find 
that  the  grain  of  quartz  which  is  equal-settling  with  the  grain 
of  galena  is  about  3  or  4  times  the  diameter  of  the  grain  of 
galena.  See  settling-ratios  in  Table  III.  We  may,  therefore, 
construct  the  ideal  diagram,  Fig.  5,  and  we  can  draw  a  set  of 
horizontal  lines  across  it,  putting  the  equal-settling  grains  to- 
gether, ranging  from  the  heavier  grains  of  the  first  spigot  in 
the  lower  part  of  the  diagram  up  to  the  lighter  grains  of  the 
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finer  spigot  at  the  upper  part  of  the  diagram.  We  see  then 
that  spigot  1  contains  an  immense  amount  of  galena  ranging 
from  the  coarsest  size  down  to  one-quarter  the  diameter  of  the 
coarsest  quartz,  and  that  the  quartz  is  almost  all  in  the  coarse 
sizes.  See  spigot  1,  Table  III.  This  is  exactly  what  we  found 
in  our  run  No.  12.  See  the  heaping-up  of  galena  in  the  large 
sizes  in  Table  XIH. 

OVERFLOwi^   •  '^ 

{  o  O •  Gi 

SPIGOT  6  y  O •  (?, 

SPIGOT  5  -V  O •Gi 

SPIGOT  ^'L  Q •^ 

SPIGOT  3  R  Q •-^a 

SPIGOT  a  J  C) •i^a 

SPIGOT  I  /  (^ •Fx 


Fig.  5.— Ideal  Sketch  op  Classifeer-Peoduct. 

Spigot  2  has  small  galena  and  large  quartz,  but  the  two  are 
a  little  smaller  than  those  in  spigot  1.  Spigot  3,  again,  has  small 
galena  and  larger  quartz,  but  a  little  smaller  than  spigot  2,  and 
so  on  up  the  scale  with  spigot  4,  spigot  5  and  spigot  6.  See 
the  heaping-up  of  galena  in  smaller  sizes.  Table  XTEL,  and  of 
quartz  in  larger  sizes  in  Table  XV. 

Looking  at  our  diagram.  Fig.  4,  to  see  what  will  happen 
when  these  several  spigots  are  put  upon  the  table,  we  shall 
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find  that  run  No.  12  receives  galena,  J.,  -B,  C,  D,  J&,  JP,  and  (?, 
and  quartz,  I.  Logically  these  have  nothing  to  do  with  one 
another,  and  therefore  should  make  for  perfect  separation. 
Spigot  2  fed  in  run  No.  13  would  have  quartz,  J,  and  ga- 
lena, jPj.  Spigot  3  would  have  quartz,  jBT,  and  galena,  -Pg,  and 
so  on.  Spigots  4,  5,  and  6  could  work  their  way  up,  having 
quartz  always  larger,  and  therefore  belonging  at  a  lower  place 
on  the  table,  and  galena  of  smaller  diameter  belonging .  at  a 
higher  place  on  the  table,  making  for  clean  separation  of  con- 
centrates and  tailings,  with  a  middling  product  that  can  go 
directly  back  on  the  table  and  disappear.  In  proof  of  this,  see 
points  of  heaping-up  of  galena  and  quartz  in  Tables  XIII.  and 
XV. 

In  the  light  of  Fig.  4,  comparing  runs  12  to  17  with  runs  6 
to  11  we  see  that  the  natural  lines  for  quartz  and  galena  are 
farther  apart  for  the  classified  products  than  for  the  sized  pro- 
ducts. For  example,  in  run  12  the  galena  lines  Ato  F  average 
farther  from  the  quartz  I  than  does  the  galena  A  of  run  6. 
Again,  in  run  13  the  galena  F  is  farther  from  quartz  J  than  is 
the  galena  B  from  quartz  J"  in  run  7.  In  like  manner  we  may 
compare  classified  runs  14,  15,  16,  and  17  with  sized  runs  8, 
9, 10,  and  11. 

This  demonstrates  that  with  perfect  classification  the  work 
will  be  better  done  on  the  Wilfley  table  than  with  sizing,  and 
it  also  shows  that  with  much  middle  weight  mineral  or  in- 
cluded grains  a  good  classifier  will  probably  be  more  efficient 
than  screens. 

Conclusions. 

1.  The  natural  product  as  feed  for  a  Wilfley  table  is  com- 
pletely outclassed  and  surpassed  by  sized-product  feed  and  by 
classifier-product  feed. 

2.  While  the  sized-product  feed,  as  shown  in  Table  VII.,  ap- 
pears to  have  done  better  work  than  the  classifier-product 
feed,  if  we  give  full  weight  to  the  great  performance  of  run  No. 
12,  we  can  agree  that  this  has  fully  offset  the  slight  falling- 
off"  of  runs  Nos.  13  to  17,  and  that  the  classifier-feed  work  is 
fully  up  to  the  sized-feed  work  on  the  Wilfley  table,  and  with 
a  perfect  classifier  the  work  will  be  better  done  than  with 
screens. 
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Biographical  Notice  of  William  George  Neilson. 

BT  JOHN  BIEKINBINE,   PHILADELPHIA,  PA. 
(New  York  Meeting,  April,  1907.) 

Mr.  Neilson  was  born  Aug.  12,  1842,  at  Philadelphia,  Pa., 
where  he  died  Dec.  30,  1906.  His  business  career  began  with 
his  graduation,  in  the  class  of  1862,  from  the  Polytechnic  Col- 
lege of  the  State  of  Pennsylvania. 

For  a  short  time  after  graduation  he  was  instructor  in  mathe- 
matics at  the  college,  and  then  became  associated  with  Messrs. 
Booth  &  Garrett,  chemists,  of  his  native  city.  In  1867  he  was 
sent  to  the  Adirondack  mountains  to  care  for  mining  interests 
of  the  late  Jay  Cooke,  and  spent  about  three  years  there,  oper- 
ating the  forges  at  Elizabethtown,  Essex  county,  N.  Y.  He 
also  prepared  an  interesting  monograph  on  Catalan  forges  and 
their  operations. 

In  1868  he  published  a  chart  showing  the  material  progress 
of  the  United  States,  and  the  cost  of  certain  staple  products 
during  a  series  of  years,  which  is  believed  to  be  the  first  of  its 
kind  issued  in  this  country.  In  1870  he  made  a  trip  to  the 
Pacific  Coast,  prior  to  entering  the  service  of  the  Pennsylvania 
Steel  Company. 

In  1871,  when  the  Logan  Iron  &  Steel  Co.,  of  Burnham,Pa., 
foiled,  Mr.  Neilson  was  appointed  receiver,  re-organized  the 
company,  became  its  General  Manager,  and  spent  more  than 
four  years  in  this  work.  In  the  meantime,  he  became  interested 
in  the  Freedom  forge  of  the  same  place,  and,  with  Mr.  Wm. 
Burnham  and  Mr.  Milton  Brosius,  laid  the  foundations  for  what 
is  now  the  Standard  Steel  Works.  From  Jan.  1, 1877,  to  April 
1,  1890,  he  was  General  Manager  of  these  works,  and  closely 
associated  with  the  Baldwin  Locomotive  Works.  In  1878  he 
was  in  charge  of  the  first  consignment  of  Baldwin  locomotives 
to  Europe,  which,  with  a  picked  crew  of  men  from  Baldwin's, 
he  took  to  Eydtkennen,  Russia,  and  placed  in  service. 

In  1890  he  resigned  from  the  Standard  Steel  Works  and  ac- 
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cepted  a  position  in  connection  with  the  Cheater  Rolling  Milk ; 
later,  he  became  and  remained  until  1893  Vice-President  of  the 
Wellman  Iron  &  Steel  Co.  From  1893  to  the  end  of  1895  he 
was  General  Manager  of  the  Taylor  Iron  &  Steel  Co.,  of  High 
Bridge,  N.  J. 

For  the  past  eight  years  Mr.  Xeilson  had  been  the  Treasurer 
of  the  Keystone  Drop  Forge  Works,  of  Chester,  Pa. 

While  Mr.  Xeilson  was  with  the  Standard  Steel  Works  he 
became  interested  in  a  large  tract,  at  the  head  of  Keene  valley 
in  the  Adirondacks,  which  was  about  to  be  sold  for  its  timber. 
Forming  a  company,  chiefly  of  Philadelphia  and  New  York 
men,  he  purchased  this  property  and  established  the  Adiron- 
dack Mountain  Reserve,  of  which  he  served  as  President  for  17 
years,  and  which  tract  remains  to-day  one  of  the  most  attrac- 
tive forest-preserves  in  the  Adirondack  region.  He  was  always 
interested  in  forestry,  and  for  many  years  was  a  member  of  the 
Pennsylvania  Forestry  Association. 

He  was  a  member  of  the  Protestant  Episcopal  Church  and 
active  in  its  work.  He  was  also  for  many  years  a  Director  of 
the  Union  Insurance  Co.  of  Philadelphia,  and  was  actively  in- 
terested in  the  Young  Men's  Christian  Association  of  Philadel- 
phia, serving  as  President  during  the  years  1899,  1900,  and 
1901,  and  as  Director  continuously,  after  Jan.  1, 1888,  until  the 
time  of  his  death. 

Mr.  Neilson's  connection  with  the  Institute  began  in  1872, 
the  year  after  its  organization,  and  continued  until  his  death. 
From  the  beginning,  he  was  loyal  and  enthusiastic  in  his  sup- 
port of  the  Institute.  In  1876  he  was  selected  as  Secretary  of 
the  "  Centennial  Committee,"  which  collected  and  administered, 
in  the  name  of  the  Institute,  a  special  fund  of  a  little  more  than 
$4,000,  in  the  maintenance  of  headquarters,  for  the  entertain- 
ment and  information  of  visiting  engineers,  at  the  Centennial 
Exposition  in  Philadelphia.  At  these  headquarters  a  profes- 
sional conversazione  was  held  weekly,  and  an  address  was  made 
by  some  distinguished  expert.  Moreover,  the  rooms  were  kept 
continuously  open,  and  provided  with  guide-books  and  much 
other  appropriate  literature  and  maps,  while  the  Secretary  and 
his  assistants  were  always  prepared  to  assist  with  advice,  intro- 
ductions, etc.,  visiting  colleagues  engaged  in  professional  in- 
spections, inside  or  outside  of  the  Exposition.    Thus,  there  were 
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famished  to  foreign  guests  493  written  letters  (besides  innu- 
merable cards)  of  introduction,  and  43  detailed  schedules  of 
journeys,  accompanied  with  maps  of  the  United  States,  upon 
which  the  routes  of  these  journeys  were  laid  down. 

The  management  of  this  difficult  undertaking  was  intrusted 
to  Mr.  Neilson ;  and  the  results  he  accomplished  with  the  rela- 
tively small  sum  at  his  disposal  surprised  even  those  of  his 
friends  who  had  had  reason  already  to  rely  upon  his  executive 
ability.  The  headquarters  under  his  charge  were  gratefully 
used  by  hundreds  of  visiting  engineers,  and  the  weekly  re- 
unions were  numerously  attended  and  greatly  enjoyed.  For- 
eign guests  were  greatly  impressed  with  the  novelty  and  useful- 
ness, as  well  as  the  cordiality  of  this  form  of  professional  cour- 
tesy, and  foreign  technical  literature  was  loaded  with  their 
acknowledgment  of  it.  Among  the  results  of  this  general 
recognition  was  the  donation  to  the  American  Institute  of 
Mining  Engineers  of  mineral  and  metallurgical  exhibits  from 
Germany,  Sweden,  Russia,  Spain,  Portugal,  Austria,  Italy, 
Belgium,  England,  the  Australian  colonies,  Canada,  Brazil, 
Mexico,  and  the  United  States,  amounting  in  estimated  value 
to  about  $250,000.^  The  Emperor  of  Germany,  in  recognition 
of  the  services  rendered  by  Mr.  Neilson  to  visiting  German  en- 
gineers, decorated  him  with  the  Order  of  the  Red  Eagle,  fourth 
class. 

The  report  of  the  Centennial  Committee,  cited  above,  reads 
as  follows : 

"The  Committee  cannot  close  its  report  without  thanking  its  Secretary,  Mr. 
William  G.  Keilson,  for  the  energy,  ability  and  fidelity  with  which  he  discharged 
his  onerous  duties;  and  also  Mr.  Edward  Nichols,  who,  from  April  1  to  Dec.  1, 
1876,  was  the  Assistant  Secretary,  and  ably  assisted  Mr.  Neilson  in  all  his 
duties." 

In  this  connection  it  is  interesting  to  observe  that  the  only 
contribution  made  by  Mr.  Neilson  to  the  Transactions  was  an 
appreciative  Biographical  Notice  of  Mr.  Nichols,'  who  died  in 
1892. 

It  is  not  too  much  to  say  that  this  intelligent  and  well-organ- 

'  See  report  of  the  Centennial  Committee,  Trans, ^  v.,  31  (1876-7).  These  col- 
lections were  first  left  with  the  Pennsylvania  Museum  and  School  of  Industrial 
Alt,  and  subsequently  (1882)  transferred  to  the  National  Museum  at  Washington, 
D.  C.    See  2Vaw.,  x.,  243  (1881-2). 

»  IVaiw.,  xxi.,  76  (1892-3). 
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ized  enterprise  of  professional  and  international  courtesy  did 
more  to  win  recognition  for  the  Institute,  throughout  the  world, 
than  any  other  single  event  in  its  history,  and  that  the  credit 
for  this  happy  result  was  chiefly  due,  not  to  the  Committee 
which  suggested  the  plan,  but  to  Mr.  Neilson,  who  successfully 
executed  it 

On  Jan.  2,  1907,  numerous  friends  gathered  at  the  funeral 
service  and  bade  a  sorrowful  farewell  to  one  who  had  been 
loved  and  esteemed  by  all  present,  and  whose  memory  will  be 
cherished  by  many  friends  in  and  beyond  the  American  Insti- 
tute of  Mining  Engineers.  We  saw  in  the  casket  the  peaceful 
expression  which  had  been  familiar  to  us  for  many  years ;  ex- 
cept for  the  gray  hair,  it  seemed  to  me  to  be  the  same  expres- 
sion of  friendly  recognition  which  characterized  him  when,  as 
college  students,  we  first  met.  It  bore  no  sign  of  suffering. 
Death  called  him  at  his  office  desk  on  the  last  Saturday  of  the 
year  1906,  and  as  he  closed  his  accounts  with  his  business  he 
passed  from  earth. 

As  a  collegian  and  alumnus,  highly  esteemed;  as  a  friend, 
beloved;  as  a  business  man,  respected  and  trusted;  as  a  Chris- 
tian, earnest;  as  the  head  of  a  family,  affectionate  and  wise; 
in  all  things  faithful,  Mr.  Neilson  had  a  host  of  friends  which 
his  home  could  not  accommodate  as  mourners.  Nor  are  the 
mourners  confined  to  our  own  country;  for  in  his  European 
journeys,  and  in  the  service  which  he  rendered  to  the  Institute, 
as  above  described,  he  made  many  friends  abroad  whose  sorrow 
at  his  death  echoes  that  of  his  own  countrymen. 


[4] 


8UBJBCT  TO  REVISION. 

[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


Biographical  Notices  of  1906. 

(Toronto  Meeting,  July,  1907.) 

The  list  of  deaths  during  the  year  1906  comprises  the  fol- 
lowing names,  the  figures  in  parentheses  indicating  the  year 
in  which  the  persons  named  were  elected  to  membership : 

Members  and  Associates. — Arthur  Vaughan  Abbott  (1882), 
William  Anderson  Akers  (1889),  R.  Scott  Allen  (1905),  George 
H.  Arlett  (1900),  Thomas  Septimus  Austin  (1883),  Thomas  T. 
Baker  (1887),  William  Tittley  Batchelor  (1902),  Charles  Low- 
thian  Bell  (1897),  Edgar  Vallentine  Bensusan  (1892),  George 
Lothrop  Bradley  (1874),  Ernst  Elmer  Breisch  (1896),  Horace 

F.  Brown  (1895),  James  A.  Burden  (1876),  Alexander  B.  Coxe 
(1880),  George  A.  Crocker  (1879),  Albert  W.  Piero  (1886), 
John  Herbert  Eraser  (1904),  Robert  Gibson  (1892),  R.  G.  Hart 
(1900),  Christopher  Henne  (1900),  Alexander  W.  Jolly  (1899), 
George  L.  Keener  (1900),  Winfield  Scott  Keyes  (1872),  John 

G.  Lanning  (1898),  Gustavus  W.  Lehmann  (1891),  Nicholas 
Lennig  (1882),  William  H.  Long  (1882),  Frank  C.  Mandell 
(1905),  Edmund  H.  Miller  (1895),  John  Fossbrook  Morris 
(1908),  F.  J.  Odling  (1893),  William  Painter  (1893),  Stan- 
ley H.  Pearce  (1896),  Herman  Poole  (1900),  Ricardo  G.  Ramos 
(1898),  Arthur  F.  Rising  (1904),  George  H.  Robinson  (1886), 
Albert  W.  Sayles  (1905),  Richard  J.  Seddon  (1888),  James  C. 
Simpson  (1887),  Francis  Lewis  Sperry  (1889),  John  Stanton 
(1877),  Edward  G.  Stoiber  (1877),  Samuel  Thomas  (1871),  Abel 
Hyde  Toll  (1900),  John  Price  Wetherill  (1896). 

Of  these,  Alexander  B.  Coxe,  Thomas  S.  Austin  and  Samuel 
Thomas  have  been  made  the  subjects  of  special  Biographical 
Notices.  That  of  Alexander  B.  Coxe  was  printed  in  Bi- 
Monthly  Bulletin,  No.  11,  September,  1906,  pp.  701  to  705,  and 
those  of  Messrs.  Austin  and  Thomas  will  be  presented  in  later 
issues  of  this  publication.  Concerning  the  remainder  of  the 
list,  the  following  paragraphs  comprise  such  information  as 
could  be  obtained  by  the  Secretary  : 
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Arthur  Vaughan  Abbott^  civil,  mechanical  and  electrical  engi- 
neer and  author,  was  born  in  1854  at  Brooklyn,  N.  Y.,  and 
graduated,  1875,  from  the  Brooklyn  Polytechnic  Institute. 
After  1  year  in  the  Department  of  Parks,  he  served  for  7  years 
as  an  assistant  engineer  in  the  construction  of  the  Brooklyn 
(suspension)  bridge  over  the  East  river,  in  which  capacity  he 
designed  and  perfected  many  important  details,  including  a 
splice  for  cable-wire,  and  machinery  for  wire-cutting  and  for 
testing  the  crucible-steel  wire  used  in  the  bridge.  He  super- 
intended the  cable-construction,  and  the  inspection  of  all  ma- 
terials. After  the  completion  of  the  bridge,  he  was  connected  for 
4  years  with  the  E.  T.  Fairbanks  Co.,  manufacturing  scales  and 
testing-machines.  About  1887,  he  became  chief  engineer  of 
the  Boston  Heating  Co.,  for  which  he  built  a  central  station,  to 
supply  heat  through  pipes  conveying  superheated  water  over  an 
area  of  2  sq.  miles.  In  later  years,  he  turned  his  attention 
specially  to  electric  engineering,  a  field  in  which  he  achieved  a 
large  practice  and  a  high  reputation.  As  mechanical  engineer 
of  the  Daft  Electric  Light  Co.,  he  reorganized  the  business  of 
manufacturing  dynamos  and  motors.  At  various  times  he 
built  and  put  in  operation  electric  railways  at  Meriden,  Conn., 
Bloomfield  and  Atlantic  City,  N.  J.,  Bloomington,  111.,  Ogden, 
Utah,  and  Augusta,  Ga.  He  also  operated  storage-battery  cars 
on  4th  Ave.,  N.  Y.  City,  and  directed  the  electric  equipment 
of  the  Lake  Roland  line,  Baltimore,  Md.,  and  the  Interstate 
railroad,  Kansas  City,  Mo.  He  was  consulting  engineer  for  the 
Ogden  City  water-works,  the  Bear  river  irrigating  canal,  Utah, 
and  the  Waukesha  pipe  line.  Wis.  For  a  long  time,  beginning 
in  1892,  he  was  chief  engineer  of  the  Chicago  Telephone  Co., 
designing,  installing  and  operating  its  central  station  and 
branches,  and  directing  its  underground  work  and  its  lighting- 
system.  He  was  consulting  engineer  and  chief  of  the  statistical 
department  of  Westinghouse,  Church,  Kerr  &  Co. 

Mr.  Abbott's  published  works  comprise  books  on  the  Elec- 
trical Transmission  of  Energy;  the  Evolution  of  a  Switch- 
board ;  the  History  and  Use  of  Testing-Machines ;  Fuel,  and 
Telephony. 

He  was  a  member  of  the  American  Society  of  Civil  Engi- 
neers; the  American  Society  of  Mechanical  Engineers;  the 
American  Institute  of  Electrical  Engineers,  of  which  he  be- 
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came  Vice-President  in  1902;  and  this  Institute,  which  he 
joined  in  1882,  before  the  two  last-named  societies,  represent- 
ing more  closely  his  special  lines  of  practice,  came  into  exist- 
ence. Yet  he  retained  to  the  last  his  membership  and  loyal 
interest  in  our  society,  participating  in  its  meetings,  and  con- 
tributing to  its  Transactions  several  important  professional 
papers,  on  Improvements  in  Methods  for  Physical  Tests  (  Trans,, 
xii.,  607);  The  Present  Value  of  Steel  Castings  (xiv.,  851); 
and  A  Description  of  the  Plant  of  the  Boston  Heating  Com- 
pany (xvi.,  870). 

Mr.  Abbott  died  December  1,  1906,  of  pneumonia,  after  a 
brief  illness,  in  New  York  City,  where  he  had  finally  established 
his  residence  and  his  office  as  a  consulting  engineer.  His  death 
brought  a  shock  of  surprise,  as  well  as  sorrow,  to  a  large  circle 
— or  more  accurately,  in  view  of  the  variety  of  his  activities 
and  achievements,  to  several  interlocking  and  overlapping  cir- 
cles— of  his  friends  and  colleagues.  Since  he  had  attained  the 
age  of  52,  and  had  been  in  continuous  professional  practice  for 
31  years,  it  cannot  be  fairly  said  that  he  was  cut  oft'  after  an 
exceptionally  short  career ;  and  this  declaration  would  be  still 
further  discredited  by  a  survey  of  the  remarkable  record  of 
good  work  in  many  departments  with  which  he  crowded  those 
31  years.  Yet,  on  the  other  hand,  the  loss  of  such  a  man  in 
the  prime  of  his  strength  and  in  the  midst  of  his  work,  depriv- 
ing the  world  of  the  benefit  of  his  ripe  judgment  and  wide  ex- 
perience, profoundly  disappointed  a  well-founded  hope  of  fur- 
ther and  even  more  valuable  service.  In  short,  Arthur  V. 
Abbott  lived  long  enough  to  establish  his  own  reputation,  but 
died  too  early  to  satisfy  the  needs  and  the  expectations  of  his 
fellows.  Moreover,  his  cheerful  vivacity,  eager  activity  and 
gentle  courtesy  gave  us  all  the  impression  of  a  youthfulness 
which  makes  us  now  involuntarily  think  of  him  as  one  whom 
both  gods  and  men  loved,  and  who  died  young. 

William  Anderson  Akers  was  born  February  5,  1860,  at  Lex- 
ington, Mo.  His  childhood  and  youth  were  passed  in  Missouri 
and  Kentucky.  In  the  early  80'8  he  went  to  Montana  and  en- 
gaged in  practical  mining  at  Butte,  subsequently  taking  a 
coarse  of  study  at  Columbia  University,  N.Y.  Thus  equipped, 
he  became  Manager  for  the  Combination  Mining  Co.,  at  Black 
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Pine,  Mont,  afterwards  managing  the  Sheridan-Mendota  mine^ 
Telluride,  Colo.,  and  the  Gk)lden  Fleece  mine.  Lake  City,  Colo. 
Later,  he  engaged  in  professional  work,  with  headquarters  sue- 
cessively  in  Denver,  Colo. ;  Salt  Lake  City,  Utah ;  Butte,  Mont. ; 
and  El  Paso,  Texas,  finally  settling  in  Los  Angeles,  Cal.,  where 
he  died  June  17,  1906,  of  injuries  received  in  an  automobile 
accident  on  the  preceding  day. 

Mr.  Akers  joined  the  Institute  in  1889,  and,  in  collaboration 
with  C.  W.  Qoodale,  contributed  to  the  Transactions  (xvii.,  242- 
252)  a  paper  on  Concentration  before  Amalgamation  for  Low- 
Grade  Partially  Decomposed  Silver  Ores,  with  Notes  on  the 
Geology  of  the  Flint  Creek  Mining  District. 

George  H.  Arleit  was  born  at  Wellend,  Little  Marlow,  Eng- 
land, November  21,  1853,  and  died  March  19,  1906,  at  Chi- 
huahua,  Mexico.  He  came  to  America  in  1861  with  his  parents, 
who  settled  at  North  Adams,  Mass.,  where  he  received  his 
schooling  at  the  Drury  Academy.  From  the  age  of  18  to  24,  he 
was  employed  in  the  cotton-mills  and  in  railroad  work.  About 
1877,  the  family  removed  to  Denver,  and  in  1885  to  Canon  City, 
Colo.  As  a  youth,  in  North  Adams,  he  had  studied  chemistry 
with  much  interest,  and  in  Colorado  he  took  up  assaying  and 
other  metallurgical  work.  In  Canon  City  he  held  the  position 
of  chemist  for  the  Royal  George  Smelter  (Messrs.  Harp,  Tay- 
lor &  Co.),  and,  later,  for  the  American  Mining  &  Smelting  Co. 
Subsequently,  he  went  to  Mexico,  where  he  served  as  metallurgist 
at  the  Hacienda  Saldana,  San  Juan  de  Guadalupe,  Durango, 
and  chemist  and  metallurgist  for  the  St.  Louis  &  Zacatecas 
Ore  Co.,  City  of  Mexico.  He  was  also  chemist  of  the  Santa 
Rita  Mining  Co.,  Santa  Rita,  New  Mexico.  In  1901  he  formed 
a  business  connection  with  Mr.  G.  W.  Boyce,  Boston,  Mass.,  in 
whose  interest  he  went  to  Chihuahua,  Mexico,  for  the  develop- 
ment of  mining-properties  in  that  region ;  at  Terrazas,  Vic- 
torino,  Casi,  etc.,  and  continued  in  this  work  as  mining  en- 
gineer and  metallurgist  until  his  death.  Mr.  Arlett  became  a 
member  of  the  Institute  in  1900. 

Thomas  T.  BakeVy  one  of  the  best  known  mining  engineers 
of  Montana,  died  at  his  home  in  Butte  on  April  30, 1906,  aged 
66  years.     Mr.  Baker  was  born  and  brought  up  on  a  farm  in 
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what  is  now  West  Virginia.  At  the  outbreak  of  the  Civil  War 
he  enlisted  on  the  Union  side  with  the  Fifteenth  West  Virginia 
regiment,  and  served  till  the  close  of  the  war.  He  attained  the 
grade  of  second  lieutenant,  and  it  was  a  source  of  gratification 
to  him  throughout  his  life  that  at  Appomattox  he  was  in  charge 
of  one  of  the  companies  detailed  to  receive  the  arms  of  the  sur- 
rendering Confederate  troops.  He  also  served  in  the  Shenan- 
doah, and  was  at  the  battle  of  Winchester  on  the  arrival  of 
General  Sheridan  after  his  famous  ride.  Prior  to  his  enlist- 
ment as  a  volunteer  soldier,  Mr.  Baker  had  had  no  school  ad- 
vantages whatever,  but  after  the  war  he  attended  Iowa  College 
at  Grinnell,  first  entering  the  academy  and  later  the  college 
department  He  earned  his  own  way  and  was  graduated  from  , 
the  college  in  1874.  Mr.  Baker  was  not  a  man  who  acquired 
knowledge  easily  or  quickly,  but  he  was  very  thorough ;  he  had 
a  wonderful  memory,  and  he  never  ceased  to  grow  mentally, 
so  that  what  he  learned  he  retained,  and  during  his  later  years 
his  ftmd  of  accurate  information  became  really  impressive. 
Afl^r  graduation  Mr.  Baker  took  up  the  profession  of  engineer- 
ing. He  located  in  Butte  in  1878,  when  the  now  famous  cop- 
per city  was  a  young  and  struggling  mining  camp.  Securing 
an  appointment  as  a  Deputy  United  States  Mineral  Surveyor, 
he  began  the  work  of  surveying  mining-claims  for  patent.  At 
the  time  of  his  death  he  no  doubt  had  surveyed  for  patent 
more  mining-claims  than  any  other  surveyor  in  the  State  and, 
perhaps,  in  the  United  States. 

Mr.  Baker  was  a  giant  in  stature,  being  over  six  feet  tall  and 
built  like  an  athlete.  He  was  impatient  of  shams  of  all  kinds, 
and  to  strangers  appeared  brusque,  but  his  intimate  acquaint- 
ances knew  him  to  be  at  heart  very  kind  and  considerate  of 
the  rights  of  others.  In  his  impregnable  honesty  everybody 
had  confidence,  and  his  death  was  widely  mourned  in  Montana. 
He  joined  the  Institute  in  1887. 

WUliam  Tittley  Batchelor  was  born  at  Launceston,  Tasmania, 
in  1872.  He  received  his  technical  education  in  the  office  of 
Charles  K.  Sheard,  under  whose  direction  he  was  employed  on 
railroad-surveying  and  construction  and  harbor-works  from 
1887  to  1898.  In  the  latter  year,  he  was  appointed  assistant 
engineer  in  surveying  and  construction  work  of  the  Mt.  Lyell 
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Mining  &  Railway  Co.,  Ltd.  He  was  subsequently  advanced 
to  the  position  of  engineer  in  charge  of  the  mines  of  that  com- 
pany, with  headquarters  at  Gormanston,  West  Coast,  Tasmania, 
and  held  this  position  until  his  death,  which  occurred  on  Sep- 
tember 27,  1906.  He  became  a  member  of  this  Institute  in 
1902. 

Charles  Lowthian  BeU^  the  second  son  of  the  late  Sir  Low- 
thian  Bell,  who  not  only  inherited  but  worthily  earned  our 
esteem  and  affection  like  that  which  was  universally  bestowed 
upon  his  distinguished  father,  was  born  March  24,  1855,  at 
Washington  Hall,  near  Durham,  England,  and  died  February 
8,  1906,  after  a  brief  illness,  at  his  residence  near  Middles- 
brough. The  following  account  is  adopted  from  the  memoir 
published  in  the  Proceedings  of  the  Institution  of  Mechanical 
Engineers  for  1906: 

"  Charles  Lowthian  Bell  was  the  second  son  of  the  late  Sir 
Lowthian  Bell,  and  was  born  at  Washington  Hall,  the  seat  of 
his  father  near  Durham,  on  24th  March,  1855.  He  was  edu- 
cated first  at  a  preparatory  school  at  The  Mount,  Northallerton, 
and  subsequently  at  Wellington  College.  After  leaving  Well- 
ington he  proceeded  to  Paris  and  continued  his  studies  at  the 
&ole  des  Mines,  whence  he  went  to  the  well-known  works  of 
Schneider  &  Co.,  at  Le  Creusot,  where  he  remained  about  a 
couple  of  years.  He  then  returned  to  England,  and,  after  oc- 
cupying various  subordinate  positions  in  the  firm  of  Messrs. 
Bell  Brothers,  he  undertook  the  management  of  the  furnaces 
at  Walker-on-Tyne  in  the  year  1881.  Three  years  later  he  re- 
moved to  Clarence  as  Assistant  Manager  under  Mr.  John 
Thompson.  On  the  death  of  this  gentleman  in  1887  he  be- 
came manager  of  the  Clarence  Works,  and  under  his  superin- 
tendence the  whole  arrangements  were  re-modeled,  Cowper 
firebrick  stoves  being  substituted  for  pipe  stoves,  and  the  blow- 
ing machinery  and  boiler  plant  entirely  reconstructed  to  per- 
mit the  utilization  of  the  waste  heat  for  the  manufacture  of 
salt.  In  addition  to  these  important  changes,  a  by-product 
coke-oven  plant  was  erected  by  Messrs.  Bell  Brothers  in  con- 
junction with  the  German  Actien-Gesellschaft  fiir  Kohletides- 
tillation,  the  elaborate  arrangements  for  sorting  and  washing 
the  coal  required  for  this  plant  being  planned  by  him.     He  re- 
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mained  in  charge  of  the  Clarence  Works  nntil  1904.  Shortly 
before  his  father's  death  in  December  of  that  year  he  decided 
to  resign  his  position  and  to  take  a  less  active  part  in  the  man^ 
agement,  though  he  remained  a  director  of  the  Company. 

"Following  in  the  footsteps  of  his  father,  he  paid  numerous 
visits  to  ironworks  abroad,  both  in  Europe  and  America,  ac- 
companying his  father  on  one  of  his  visits  to  the  latter  coun- 
try. On  the  flotation  of  Messrs.  Bell  Brothers,  Limited,  in 
1899,  as  a  public  company  he  and  Mr.  W,  H.  Panton  paid 
another  visit  to  America  to  study  the  processes  of  steel  manu- 
facture in  that  country,  and  they  also  visited  various  works  in 
Europe  for  the  same  purpose.  The  information  then  acquired 
was  utilized  in  designing  the  steel  plant  at  Clarence.  Already 
in  1886  the  attention  of  Sir  Lowthian  Bell  and  his  partners 
had  been  turned  in  the  direction  of  the  manufacture  of  steel 
from  Cleveland  iron,  and  a  small  plant  had  been  erected  under 
designs,  in  the  preparation  of  which  Mr.  C.  L.  Bell  took  a  large 
part.  A  considerable  quantity  of  steel  wds  produced  at  this 
establishment,  but  circumstances  prevented  the  project  being 
carried  forward,  and  for  some  years  the  works  lay  idle.  In 
1898,  by  arrangement  with  Messrs.  Dorman,  Long  &  Co.,  ex- 
periments which  the  latter  firm  had  begun  at  Rosebery  Steel 
Works,  near  Middlesbrough,  were  continued  at  the  works  at 
Clarence,  put  at  the  disposal  of  the  firm  by  Sir  Lowthian  Bell 
and  his  sons.  Under  the  direct  supervision  of  Mr.  W.  H. 
Panton,  assisted  by  Mr.  C.  L.  Bell,  a  series  of  experiments  re- 
sulted in  a  satisfactory  solution  of  the  problem,  the  flotation  of 
the  firm  as  a  public  company  and  the  erection  of  the  present 
important  plant  at  Clarence  being  the  direct  results  of  these 
operations. 

"Over  and  above  the  many  activities  he  displayed  in  con- 
nection with  the  Works  at  Clarence  (where  not  only  the  Iron 
Works,  but  also  the  Salt  Works  and  Soda  Works,  until  they 
were  sold  to  the  Salt  Union,  and  Messrs.  Brunner,  Mond  and 
Co.,  respectively,  were  under  his  control),  he  took  an  active 
part  in  the  volunteer  movement.  He  joined  the  North  Riding 
Volunteer  Artillery  in  1874  and  took  command  of  the  Corps 
in  1895  as  Lieutenant-Colonel,  becoming  a  year  later  the  Hon- 
orary Colonel,  resigning  his  command  in  1902  on  reaching  the 
age  limit.     During  the  South  African  War  he  was  the  means 
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• 

of  raising  and  equipping  two  Colt-gun  detachments  and  of 
sending  out  400  men  for  the  Imperial  Yeomanry.  He  was  for 
some  time  a  member  of  the  Middlesbrough  Town  Council, 
serving  the  office  of  Mayor  in  the  year  1898,  when  he  wel- 
comed the  Members  of  this  Institution  on  the  occasion  of  their 
Summer  Meeting;  and  he  was  for  many  years  an  active  mem- 
ber of  the  Stockton  Board  of  Guardians.  He  was  on  the  Com- 
mission of  the  Peace  for  the  North  Riding  and  for  the  County 
of  Durham,  and  also  for  the  Borough  of  Middlesbrough.  His 
death  took  place  at  his  residence  near  Middlesbrough,  after  a 
very  short  illness,  on  8th  February,  1906,  in  his  fifty-first  year." 

The  Secretary  of  the  Institute  desires  to  add  to  the  forego- 
ing statement,  for  himself  and  for  many  other  American  mem- 
bers who  had  learned  to  love  Charles  Lowthian  Bell  as  they 
had  loved  his  father,  an  expression  of  their  personal  loss  and 
sorrow  in  his  too  early  death. 
• 

Edgar  Vallentine  Bensusan  was  of  Australian  birth,  and 
gained  his  education  at  the  leading  colleges  of  Sydney,  N.  S. 
W.,  and  at  the  Royal  School  of  Mines,  London.  After  gradu- 
ation, he  was  metallurgist  and  manager  of  the  refinery  of  the 
Sunny  Corner  silver-mines,  N.  S.  W.,  for  a  number  of  years, 
next  becoming  general  manager  of  the  Cullen  BuUen  colliery. 
Butlers.  Later,  he  managed  the  Dutchman's  tin-mine,  N.  S.W., 
which  he  owned,  and  other  properties  in  the  same  State.  With 
his  brother,  A.  J.  Bensusan,  A.R.S.M.,  F.C.S.,  M.S.M.M.,  now 
manager  of  the  Ouro  Preto  Gold-Mines  of  Brazil,  Ltd.,  he 
formed  a  partnership  as  consulting  mining  engineers,  which 
continued  for  some  years.  In  November,  1901,  he  went  to 
England  and  was  appointed  manager  of  the  Fanti  Mines,  Ltd., 
for  which  company  he  visited  South  Africa  in  1903  to  study 
methods  of  mining  and  metallurgy.  Soon  after  his  return  to 
England  he  again  went  to  Africa  as  general  manager  of  a 
group  of  mines  on  the  West  Coast,  comprising  the  Abbontia- 
koon  Block  I.,  Ltd. ;  the  Abbontiakoon  (Wassaw)  Mines,  Ltd. ; 
the  Effuenta  (Wassaw)  Mines,  Ltd. ;  the  Fanti  Mines,  Ltd. ; 
and  the  Wassaw  West  Amalgamated  Mines.  He  died  at  sea. 
May  8, 1906,  at  the  age  of  42  years,  while  returning  to  London 
from  Cape  Town.     Mr.  Bensusan  had  traveled  much,  and  was 
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widely  known  as  an  engineer  of  sterling  character  and  pro- 
nounced ability.  He  enjoyed  the  affection  and  esteem  of  his 
associates  in  an  exceptional  degree/  He  was  an  Associate  of 
the  Eoyal  School  of  Mines,  London,  and  a  member  of  this 
Institute  since  1892. 

George  Lothrop  Bradley,  a  son  of  Chief  Justice  Bradley,  of 
the  Rhode  Island  Supreme  Court,  was  born  at  Providence,  R.  L, 
October  4,  1846.  He  was  professionally  educated  at  Freiberg, 
Germany,  where  he  received  special  training  in  metallurgical 
engineering.  On  his  return  to  the  United  States  he  went  to 
Colorado  to  develop  a  mining-property  in  which  his  friends 
were  interested.  This  venture  proving  less  successful  than  had 
been  anticipated,  he  returned  to  Providence,  where  he  became 
acquainted  with  Prof.  Alexander  Graham  Bell,  then  teaching 
a  new  system  of  "  visible  speech  "  for  mutes,  and,  at  the  same 
time,  perfecting  his  invention  of  the  telephone.  Mr.  Bradley 
became  interested  in  Prof.  Bell's  experiments,  and,  when  the 
telephone  had  been  brought  to  successful  technical  and  com- 
mercial form,  he  organized  in  Boston  the  New  England  Tele- 
phone Co.,  and  afterwards,  in  New  York,  the  National  Bell 
Telephone  Co.  Meanwhile,  the  Western  Union  Telegraph  Co. 
had  acquired  the  Edison  telephone  patents.  The  famous  legal 
battle  which  followed  ended  in  a  compromise  giving  the  Bell 
Company  almost  complete  control  of  the  field.  At  the  close  of 
this  telephone  litigation  Mr.  Bradley  removed  to  Washington, 
D.  C.  At  that  time  the  Mergenthaler  linotype  had  been  on 
the  market  about  six  years,  but  had  not  achieved  commercial 
success,  and  was  making  little  progress.  The  insight  that  had 
guided  Mr.  Bradley  in  his  connection  with  the  Bell  telephone 
in  the  least  promising  period  of  its  development  enabled  him 
to  discern  the  possibilities  of  the  linotype.  With  the  assistance 
of  Wm.  C.  Whitney,  he  established  the  Mergenthaler  Com- 
pany on  a  secure  foundation,  and  the  machine  speedily  took 
the  leading  position  which  it  has  since  held. 

Mr.  Bradley  was  an  accomplished  linguist,  and  had  traveled 
extensively,  visiting  nearly  all  parts  of  the  globe.  His  genial 
nature  and  lovable  qualities  brought  him  the  affection  and  es- 
teem of  all  his  associates.  The  gift,  in  his  will,  of  the  Bradley 
homestead  in  Providence,  to  be  used  as  a  home  for  sufferers 
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from  nervous  and  other  chronic  diseases,  with  generous  provi- 
sion for  its  maintenance,  was  a  fitting  climax  to  a  lifetime  of 
helpfulness.  An  attack  of  pneumonia,  following  a  serious 
operation  on  his  throat,  caused  his  death,  at  Washington,  D.  C, 
March  26, 1906.  Mr.  Bradley  joined  the  Institute  in  1874,  and 
although  circumstances  led  him,  not  long  after,  to  turn  his  at- 
tention and  win  a  handsome  fortune,  in  industrial  applications 
of  science  not  directly  connected  with  mining  or  metallurgy, 
he  never  lost  his  loyal  interest  in  the  profession  for  which  he 
had  been  primarily  educated,  or  his  desire  to  be  considered 
still  a  member  of  its  brotherhood.  The  earlier  officers  of  the 
Institute  had  frequent  reason  to  acknowledge  his  hearty  co-op- 
eration and  active  assistance,  and  to  recognize  him  as  one  of 
the  company  (now  sadly  depleted  by  death)  of  those  enthusias- 
tic and  steadfast  supporters  upon  whose  faith  and  courage  its 
foundations  were  laid. 

Ernst  Mmer  Breisch^  who  died  in  Moundsville,  Pa.,  Febru- 
ary 14,  1906,  was  born  near  Bloomsburg,  Pa.,  December  13, 
1868;  was  graduated  in  1888  from  the  State  Normal  School 
at  that  place ;  and  in  1894  from  the  Pardee  Scientific  School 
of  Lafayette  College,  Easton,  Pa.;  and  in  1897  received  from 
the  same  institution  the  degree  of  Mining  Engineer.  In  1895 
he  became  engineer  for  the  collieries  of  M.  S.  Kemmerer  &  Co., 
at  Mauch  Chunk,  Pa.,  remaining  there  until  1902,  when  he 
went  to  the  works  of  James  W.  Ellsworth  &  Co.,  at  Ellsworth, 
Washington  county.  Pa.  From  June,  1903,  to  August,  1905, 
he  was  with  the  Glen  Easton  Coal  &  Coke  Co.,  at  Moundsville, 
as  their  chief  mining  engineer,  retiring  on  account  of  ill- 
health,  and  dying  about  six  months  thereafter.  Mr.  Breisch 
was  a  quiet,  unassuming,  but  loyal,  industrious  and  efficient 
member  of  his  profession.     He  joined  the  Institute  in  1896. 

Horace  F.  Brown  was  born  in  1840  at  Litchfield,  Mich.,  and 
died  at  Chicago,  April  15,  1906,  of  heart-failure.  In  1862  he 
engaged  in  gold-mining  and  mine-surveying  at  Plumas,  Cal. 
The  year  after  he  went  to  the  Reese  river  district,  Nevada, 
where  he  erected  a  mill  for  free  silver  amalgamation — a  process 
which  proved  impracticable  with  the  refractory  ores  of  the  dis- 
trict.    In  1864  he  removed  to  Virginia  City,  where  he  found 
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work  in  connection  with  the  Comstock  silver-mills,  and  in  the 
early  lead-smelting  camps  of  the  Sierra  Nevada.  Having  in- 
vented a  continuous  coal-cutting  machine,  he  visited  the  col- 
lieries of  Pennsylvania,  Indiana  and  Illinois,  for  the  purpose 
of  introducing  it  into  practice.  This  endeavor  was  defeated  at 
the  time  by  the  opposition  of  both  miners  and  managers ;  but 
after  the  expiration  of  his  patents  machines  of  the  type  he  had 
originated  came  into  use.  During  his  stay  in  the  coal-regions, 
he  installed  in  the  Fall  Brook  colliery  a  system  of  underground 
wire-rope  haulage,  which  is  said  to  have  been  the  first  in  the 
State  of  Pennsylvania. 

For  3  years  Mr.  Brown  was  connected  with  the  Hecla  Cons. 
Mining  Co.,  Beaverhead  county,  Mont.,  where  he  designed  and 
built  furnaces  for  the  treatment  of  lead-copper  matte,  which  had 
been,  up  to  that  time,  sent  to  Germany.  After  this,  as  Super- 
intendent for  more  than  2  years  of  the  Alta  Montana  Co.,  near 
Helena,  Mont,  he  designed  and  erected  the  whole  of  its  plant 
except  the  free-gold  stamp-mill,  and  directed  both  the  mining 
and  the  metallurgical  work.  His  health  having  suffered  from 
lead-  and  arsenic-poisoning,  he  retired  from  this  branch  of  prac- 
tice, to  establish  and  manage  the  Western  Iron  Works  at  Butte, 
Mont,  for  the  manufacture  and  erection  of  mining  and  metal- 
lurgical plants ;  acting  also  as  consulting  engineer,  especially 
in  the  remodeling  of  plants  and  their  adaptation  to  local  ores 
and  conditions. 

Mr.  Brown's  modification  of  the  O'Hara  mechanical  roasting- 
furnace  was  recognized  as  an  essential  improvement,  and  has 
perpetuated  his  name  as  one  of  the  pioneers  in  that  branch  of 
metallurgical  engineering.  Among  his  many  other  inventions 
were  a  continuous  kiln  for  the  production  of  carbon  dioxide 
from  limestone ;  a  condensing  chamber  for  volatile  fumes ;  a 
process  for  treating  mixed  gold-  and  silver-ores,  to  recover  both 
metals  by  a  single  operation ;  and  a  process  and  apparatus  for 
smelting  flue-dust  and  concentrates  under  a  downward  draft. 

From  1895  to  1899  Mr.  Brown  was  established  at  Chicago. 
In  1900  he  became  connected  with  the  Union  Iron  Works  at 
San  Francisco,  and  he  resided  in  that  vicinity,  continuing  his 
practice  as  a  consulting  mining  and  mechanical  engineer  and 
his  work  as  an  inventor,  until  the  time  of  his  death,  which  oc- 
curred, however,  as  already  noted,  in  Chicago.  He  became  a 
member  of  the  Institute  in  1895. 
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Jarms  A.  Burden^  born  at  Troy,  N,  Y.,  January  6, 1883,  was 
a  son  of  Henry  Burden,  a  noted  inventor  and  the  founder  of 
the  Burden  Iron  Co.  He  was  educated  at  the  Rensselaer  Poly- 
technic Institute,  and  immediately  after  his  graduation  was 
placed  in  charge  of  a  department  of  the  Burden  Iron  Works, 
advancing  steadily  to  the  presidency  of  the  company.  Mr. 
Burden  possessed  the  inventive  talent  and  mechanical  ability 
exhibited  by  his  fitther.  Among  the  many  devices  invented 
and  patented  by  him  are  an  electrical  separator  for  ore,  ma- 
chinery for  making  blooms  and  for  fettling  puddling-furnaces, 
and  especially  the  famous  Burden  machine  for  making  horse- 
shoes. Mr.  Burden  had  been  an  invalid  for  a  year  preceding 
his  death.  A  voyage  to  Europe  failing  to  restore  his  health,  he 
finally  submitted  to  an  operation  in  abdominal  surgery,  which 
was  followed  by  his  death,  September  28, 1906. 

Mr.  Burden  had  been  President  of  the  Hudson  River  Ore  & 
Iron  Co.,  and  was  a  member  of  the  American  Society  of  Civil 
Engineers,  the  American  Society  of  Mechanical  Engineers,  the 
Engineers'  Club  (of  which  he  was,  in  1888,  the  first  President), 
the  Union  Club,  the  Union  League  Club,  the  Metropolitan 
Club,  and  several  European  scientific  bodies.  He  was  elected 
a  member  of  the  Institute  in  1876,  and  served  as  Vice-Presi- 
dent in  1880  and  1881.  His  interest  in  the  young  society  was 
shown  before  his  membership  began,  by  the  courtesy  extended 
to  it  during  the  Troy  meeting,  held  in  1871,  the  first  year  of  its 
existence.  The  freedom  with  which  all  departments  of  the 
Burden  Iron  Works  were  then  thrown  open  to  inspection,  es- 
tablished at  that  early  date  an  invaluable  precedent,  the  gen- 
eral following  of  which  in  subsequent  years  by  the  proprietors 
of  mines,  shops  and  works  was  a  potent  factor  in  the  rapid 
growth,  the  prosperity  and  the  usefulness  of  the  Institute.  At 
the  second  Troy  meeting,  in  1883,  Mr.  Burden  exhibited  an 
unlimited  hospitality,  socially  as  well  as  professionally,  to  the 
visiting  members;  and  in  connection  with  the  several  New 
York  meetings,  his  fraternal  generosity  was  similarly  illus- 
trated. Moreover,  many  of  our  members  have  individual 
cause  to  recall  with  gratitude  his  unvarying  courtesy  and 
kindness. 
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George  A.  Crocker,  for  nearly  half  a  century  the  head  of  one 
of  the  leading  firms  of  iron  merchants  in  New  York  City,  died 
October  20, 1906,  aged  75  years.  Mr.  Crocker  was  of  New 
England  ancestry  and  was  a  graduate  of  Brown  University, 
He  came  to  New  York  at  the  age  of  26,  and  soon  afterwards, 
with  his  brother,  established  the  firm  of  Crocker  Brothers, 
which  acquired  and  maintained  for  many  years  a  leading  posi- 
tion in  the  American  iron  trade.  Mr.  Crocker's  business  con- 
nections included  the  Bank  of  America  (New  York),  the  Vir- 
ginia &  Southwestern  Railway  Co.,  and  the  Virginia  Iron,  Coal 
&  Coke  Co.,  of  each  of  which  he  was  a  director.  Moreover, 
besides  various  other  relations  which  he  maintained  in  New 
York  society,  he  was  a  vestryman  of  St.  Bartholomew's  Church, 
a  trustee  of  St.  Luke's  Hospital,  and  a  governor  of  the  Metro- 
politan Club. 

Mr.  Crocker  became  a  member  of  the  Institute  in  1879,  and 
was  a  member  of  the  Council  in  1891, 1892  and  1893.  Always 
cordial  and  ready  in  his  co-operation,  he  rendered  his  greatest 
service  in  1890,  when,  in  connection  with  the  meeting  of  the 
Iron  and  Steel  Institute,  held  in  the  United  States  upon  an 
invitation  extended  by  the  American  Institute  of  Mining 
Engineers,  he  performed  the  arduous  duties  of  Treasurer  of 
the  New  York  Finance  Committee,  which  collected  and  dis- 
bursed the  funds  contributed  by  American  citizens  and  busi- 
ness firms  generally  for  the  entertainment  of  their  distinguished 
visitors — including,  besides  the  visiting  members  of  the  Iron 
and  Steel  Institute,  a  numerous  delegation  from  the  Associa- 
tion of  German  Iron-Masters  (  Verein  deutscher  Uisenhiitienleuie). 
Our  Institute  paid  for  the  printing  of  programmes,  circulars, 
papers  and  proceedings,  the  hire  of  halls,  the  maintenance  of 
the  headquarters  Bureau  of  Information,  etc.,  about  $15,000, 
in  which  sum  nothing  was  included  for  social  entertainments 
or  excursions.  All  other  items  (such  as  the  cost  of  two  Pull- 
man excursion  trains  running  for  a  month,  respectively,  south 
as  far  as  Alabama  and  northwest  as  far  bb  Lake  Superior,  and 
the  cost  of  local  excursions,  entertainments,  souvenirs,  etc.) 
were  paid  by  the  New  York  General  Committee,  of  which  Mr. 
Andrew  Carnegie  was  chairman,  and  Mr.  Crocker  was  treas- 
urer, and  by  the  local  committees  organized  in  various  cities 
to  aid  this  central  one.     The  total  amount  raised  by  all  these 
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committeeB  was  more  than  $100,000 ;  and  those  who,  like  Mr. 
Crocker,  contributed  not  only  money  but  time,  thought  and 
labor,  deserved  more  permanent  acknowledgment  than  they 
ever  publicly  received. 

Albert  W.  FierOj  who  was  born  Jan.  29,  1849,  at  Battle 
Creek,  Mich.,  and  died  July  28,  1906,  became  a  member  of 
the  Institute  in  1886.  He  was  one  of  the  many  distinguished 
American  engineers,  to  whose  loyal,  though  silent,  support  we 
owe  so  much.  That  his  active  labors  were  more  particularly 
given  to  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association,  the  American  Society  for  Testing  Ma- 
terials, and  especially  the  Western  Society  of  Engineers  (of 
which  he  was  an  early  and  influential  member),  only  empha- 
sizes the  fact  that  for  more  than  twenty  years  he  regarded  his 
connection  with  the  Institute  as  a  privilege  worth  retaining, 
though  not  necessary  as  his  only  or  chief  professional  relation- 
ship. 

A  sympathetic  biographical  notice,  contributed  to  the  Journal 
of  the  Western  Society  of  Engineers  (vol.  xii.,  No.  1,  Feb.,  1907) 
by  Messrs.  Robert  W.  Hunt,  Robert  Forsyth  (members  of  the 
Institute),  and  C.  W.  Hotchkiss,  is  the  basis  of  the  following 
account : 

Mr.  Fiero  passed  his  boyhood  on  a  farm,  and  gained  his 
primary  education  in  the  schools  of  the  vicinity.  At  eighteen, 
he  obtained  employment  with  local  surveyors,  and  two  years 
later,  in  1869,  was  appointed  on  the  civil  engineering  corps  of 
the  Peninsular,  afterwards  the  Southern  Michigan  Railway  Co., 
then  making  preliminary  surveys  through  Michigan.  With 
that  company  he  remained  until  1873,  when  he  became  an 
assistant  engineer  of  the  Chicago  &  Illinois  River  R.  R.  Co. 
In  1875  he  accepted  a  similar  position  with  the  Chicago  & 
Alton  R.  R.  Co.  In  each  of  these  relations,  he  received  from 
his  superiors  strong  testimonials  of  his  ability  and  value. 

In  view  of  the  production  and  rapidly  growing  use  of 
Bessemer  rails,  Mr.  Fiero  entered  the  employ  of  the  Vulcan 
Steel  Co.,  of  St.  Louis,  in  order  to  learn  the  details  of  the 
manufacture  of  steel  rails.  The  technical  knowledge  thus 
gained,  combined  with  his  previous  training  in  practical  rail- 
way-operation, equipped  him  to  an  exceptional  degree  for  the 
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vitally  important  work  of  an  office  then  almost  a  novelty, 
though  now  universally  recognized  as  a  necessity;  and  he  re- 
turned to  the  service  of  the  Chicago  &  Alton  R.  R.  as  its  rail- 
inspector.  Suhsequently,  establishing  his  office  at  Joliet,  Bl., 
he  performed  the  same  duty  for  other  railways.  In  1889  he 
became  a  member  of  the  firm  of  Robert  W.  Hunt  &  Co.,  the 
operations  of  which,  in  the  inspection  of  rails  and  other  steel 
products,  have  received  international  recognition,  promoted  in 
no  small  degree  by  his  high  personal  character,  thorough 
practical  knowledge,  and  an  extensive  personal  acquaintance, 
which  was  everywhere  synonomous  with  the  enjoyment  of  re- 
spect and  affection. 

John  Herbert  Fraser  was  born  July  24, 1870,  in  Manchester, 
England,  and  met  his  death  April  1, 1906,  from  assassination 
at  the  hands  of  discontented  miners  at  Zaruma,  Ecuador,  S.  A. 
A  disciplinary  withholding  of  a  shift's  pay  was  the  only  assign- 
able cause  of  this  cowardly  act — a  shot  from  a  slug-loaded  shot- 
gun in  ambush,  followed  by  knife-slashing  in  his  head  and  side. 
Mr.  Eraser  was  a  graduate  of  King's  College,  Cambridge,  and 
in  1897  of  the  Prussian  School  of  Mines  at  Clausthal,  Germany. 
In  1897-1898  he  went  out  to  the  Mij  Riam  Kandri  mines,  S.  E. 
Borneo,  as  engineer  for  the  Goud-Exploratie ;  in  the  same  capa- 
city in  1898-1900  for  the  Mijufouw-Meatschappij,  Belang,  N. 
Celebes,  and  in  1900-1901  for  the  Mijufouw-Meatschappij, 
Bwool,  N.  Celebes — thus  spending  nearly  four  years  in  the 
Dutch  East  Indian  possessions.  In  January,  1903,  he  became 
engineer  and  chemist  for  the  Mazapil  Copper  Co.,  at  Concep- 
cion  del  Oro,  Zacatecas,  Mexico,  where  he  remained  about  two 
years,  going,  in  September,  1905,  for  the  South  American  De- 
velopment Co.,  to  Guayquil,  Ecuador,  for  a  three-year  engage- 
ment— tragically  cut  short  a  few  months  later.  Mr.  Eraser 
was  a  highly  educated  and  accomplished  man,  of  strong  char- 
acter, quiet  fidelity,  and  unusual  efficiency,  greatly  esteemed 
by  all  his  associates.  He  joined  the  Institute  in  1904,  as  a  life 
member. 

Richard  G.  Hart  was  born  about  1889  in  Cornwall,  England, 
and  died  of  heart-failure  in  the  City  of  Mexico,  November  14, 
1906,  after  a  long  illness.  Mr.  Hart  was  well  known  in  min- 
ing circles  in  Mexico,  where  he  had  been  interested  in  mines 
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and  other  enterprises,  especially  in  Sonora,  including  the  El 
Tine  mine,  in  the  Altar  district.  He  was  also  known  in  Cali- 
fornia as  operating  the  Texas  and  Georgia  (now  the  Texas  Con- 
solidated) mines  at  Old  Diggings,  Shasta  county,  and  also  the 
Bullychoop  and  Central  property  in  the  same  district  Mr. 
Hart  had  resided  in  California  for  some  years  before  his  death, 
but  journeyed  to  Mexico  in  search  of  health  in  August,  1906. 
He  became  a  member  of  the  Institute  in  1900. 

Christopher  Henne  was  born  in  Los  Angeles,  Cal.,  February 
22,  1874.  After  attending  the  schools  of  that  city  and  a  tech- 
nical school  in  Germany,  he  was  graduated  from  Leland  Stan- 
ford University,  and  took  a  post-graduate  course  at  the  School 
of  Mines  of  Columbia  University.  His  operations  as  a  mining 
engineer  covered  a  wide  territory,  extending  from  Alaska 
(where  he  prospected  a  year  before  the  discovery  of  gold  in  the 
Klondike)  to  Arizona.  He  also  traveled  through  Europe, 
Africa,  Japan  and  China.  The  years  from  1903  to  1906  were 
spent  mainly  in  Colorado.  His  death  occurred  at  Tucson,  Ariz., 
December  12,  1906.  His  Institute  membership  dated  from 
1900. 

George  L.  Keener,  who  died  at  Colorado  Springs,  August  13, 
1906,  after  an  illness  of  several  months,  was  born  in  Iowa 
about  1862.  On  the  discovery  of  gold  at  Cripple  Creek  he 
went  to  Colorado,  w^here  he  was  markedly  successful  and  be- 
came one  of  the  best-known  mining  men  of  the  Colorado 
Springs  district.  He  was  superintendent  of  the  Mary  McKin- 
ney  mine  for  several  years,  but  resigned  from  that  position  to 
assume  the  management  of  the  leasing-system  inaugurated  by 
the  directors  of  the  Stratton  estate.  He  became  in  1899  a 
member  of  the  Institute. 

Winfield  Scott  Keyes  was  born  in  1839  at  Brooklyn,  N.  Y., 
graduated  at  Tale  College  in  1860,  and  professionally  educated 
as  a  mining  engineer  and  metallurgist  at  the  Royal  Mining 
Academy  of  Freiberg,  Saxony,  whence  he  returned  to  America 
in  1863.  For  several  years  he  pursued  his  profession  in  Cali- 
fornia, gradually  extending  the  range  of  his  practice  to  other 
States,  Territories  and  countries.  In  the  end,  his  practical  ex- 
perience of  34  years  had  comprised  expert  examinations  and 
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mining]  and  metallurgical  operations  in  California,  Nevada, 
Montana,  Colorado,  Arizona,  Utah,  Idaho,  New  Mexico,  Sina- 
loa,  Durango,  Sonora  and  Chihuahua. 

In  1866  Mr.  Keyes,  then  located  as  a  mining  engineer  at 
Helena,  Mont,  contributed  to  the  report  of  the  U.  S.  Commis- 
sioner of  Mining  a  vigorous  and  acute  criticism*  of  the  U.  S. 
mining  law  of  1866,  including  a  protest  against  its  grant  of 
what  has  since  become  familiarly  known  as  the  "  extralateral 
right,"  and  an  earnest  recommendation  of  the  "  square  loca- 
tion "  system,  under  which  mining  rights  are  bounded  by  ver- 
tical planes  through  the  boundaries  of  the  claim  on  the  surface. 
His  position  and  his  prophecies  were  justified  by  the  subsequent 
history  of  "  the  law  of  the  apex ;"  and  he  continued  for  nearly 
40  years  to  urge  the  correction  of  the  mistake  in  legislation 
which  he  had  been  the  first  to  denounce. 

About  1871  he  went  to  Eureka,  Nev.,  where  he  was  for 
years  the  manager  of  the  lead-silver  mines  and  smelting-works 
of  the  Eureka  Consolidated,  K.  K.,  Phoenix,  Hamburg  and 
Other  companies.  In  1878  or  1879  he  went  to  Leadville,  Colo., 
where  he  had  charge  of  the  Chrysolite  mine. 

Mr.  Keyes  was  a  member  of  the  Board  of  Judges  of  the 
Centennial  Exposition  at  Philadelphia  in  1876 ;  an  Honorary 
Commissioner  to  the  Paris  Exposition  of  1878 ;  for  many  years 
chief  of  the  State  Mining  Bureau  of  California,  and  a  member 
of  the  Executive  Committee  of  the  California  Miners'  Associ- 
ation. He  was  also  general  manager  of  the  Pan-American 
Development  Co.,  operating  mines  in  Sinaloa,  Mex.  His  pub- 
lished writings,  aside  from  special  professional  reports,  include 
monographs  on  The  Resources  of  California  and  The  Re- 
sources of  Montana. 

Mr.  Keyes  gave  to  this  Institute  an  early  and  cordial  support, 
although  his  residence  on  the  Pacific  slope  prevented  for  many 
years  his  active  participation  in  its  meetings.  He  became  a 
member  in  February,  1872,  less  than  a  year  after  the  organiza- 
tion of  the  Institute — or,  in  other  words,  he  applied  for  mem- 
bership in  it  as  soon  as  he  heard  of  its  existence.  In  1880, 
1881  and  1882  he  served  on  the  Council  as  Manager,  and  in 

*  Suuistiea  of  Mines  and  MiniTig  in  the  StcUes  and  Territories  West  of  the  Bocky 
Ifountotiw,  bj  BoBsiter  W.  Raymond,  United  States  Gommiasioner  of  Mining 
StatistiCB.    Washington,  1869,  p.  152. 
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1884  and  1885  as  Vice-President;  and  in  1877  be  contributed 
ito  tbe  Transactions  a  masterly  paper  on  tbe  Eureka  Lode  of 
Eureka,  Eastern  !Nevada.* 

Mr.  Keyes  died  December  27,  1906,  at  San  Francisco,  Cal. 

John  O.  Lanningj  wbo  was  instantly  killed  in  an  elevator  ac- 
cident in  Boston,  July  18,  1906,  had  been  identified  with  the 
manufacture  of  open-hearth  steel  since  its  beginning  in  this 
country :  first  at  the  Norway  Iron  Works,  South  Boston,  Mass., 
and  later  in  the  operation  of  open-hearth  plants  at  Birmingham 
and  Fort  Payne,  Ala.  The  business  depression  of  1893  com- 
pelled the  closing  of  the  Fort  Payne  plant,  and  Mr.  Lanning 
became  furnace  superintendent  of  the  Eureka  Steel  Castings 
Co.,  of  Chester,  Pa.  From  1896  to  1903  he  was  superin- 
tendent of  the  open-hearth  department  of  the  Newburg  Works 
of  the  American  Steel  &  Wire  Co.,  at  Newburg,  Ohio.  He 
resigned  from  this  position  to  take  charge  of  the  Clairton  Steel 
Works,  Clairton,  Pa.  In  1905  he  became  superintendent  of 
the  Lackawanna  Steel  Works,  BuflSalo,  N.  T, ;  and  in  the  fol- 
lowing year  he  removed  to  Dorchester,  Mass. 

Mr.  Lanning  was  a  practical  designer,  constructor  and  chem- 
ist in  his  department  of  metallurgy,  and  an  able  manager.  He 
was  a  grandson  of  John  S.  Qustin,  a  noted  designer  and 
builder  of  rolling-mills,  who  took  a  prominent  part  in  the  de- 
velopment of  the  iron  business  of  this  country,  and  who  de- 
signed and  superintended  the  construction  of  the  Norway  Iron 
Works,  and  mills  at  Trenton,  N.  J.,  Worcester,  Mass.,  and 
Toronto,  Canada.  Mr.  Lanning  became  a  member  of  the  In- 
stitute in  1893. 

Ghistavus  W.  Lehmann  was  born  in  Wiesbaden,  Germany, 
August  20,  1844,  and  was  a  pupil  in  chemistry  of  Dr.  Frese- 
nius.  He  came  to  this  country  in  1866 ;  became  assistant  in  the 
chemical  laboratory  of  the  Baltimore  Copper  Works,  at  Can- 
ton, in  1868,  and  remained  until  the  business  was  suspended 
by  the  operation  of  the  Tariff  Law  of  1869,  which  cut  off  its 
supply  of  foreign  copper  material.  In  1871,  when  the  mineral 
development  in  this  country  reached  the  point  of  producing 
sufficient  copper  to  allow  this  works  to  resume  production,  he 

*  IVarw.,  vi.,  344. 
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became  its  chief  chemist  and  assayer,  and  remained  in  that 
position  during  its  large  development  until  the  autumn  of 
1892,  when,  moved  by  the  growing  demand  for  analysis  in  the 
largely  increasing  fertilizer  business,  he  began  a  private  busi- 
ness as  analytical  chemist  in  Baltimore.  While  so  engaged,  he 
accepted  the  office  of  chemist  to  the  city  Board  of  Health,  and 
continued  in  both  until  his  death,  in  August,  1906.  He  was  a 
close  student  in  all  that  pertained  to  his  chosen  occupation,  and 
kept  himself  well  informed  in  its  rapid  progress  both  here  and 
abroad.  He  was  always  a  broad-minded,  progressive  citizen  of 
his  adopted  country,  taking  an  active  interest  in  measures  that 
concerned  the  welfare  of  the  people.  Withal,  he  was  essen- 
tially domestic,  enjoying  the  delightful  home  he  had  won,  and 
cultivating  its  sesthetic  charms. 

Dr.  Lehmann  was  a  member  of  many  organizations  in  and 
around  Baltimore,  and  also  a  director  in  several  business  con- 
cerns, in  all  of  which  he  was  both  honored  and  respected ;  and 
his  death  was  a  loss  not  only  to  those  with  whom  he  came  in 
contact,  but  to  the" whole  community.  He  became  a  member 
of  the  Institute  in  1892, 

William  H.  Lovg  was  born  at  Harford,  Md.,  October  29, 
1826.  In  1831  his  family  moved  to  South  Strafford,  Vt., 
where  his  father,  Daniel  Long,  was  employed  by  the  copper- 
mining  company  owned  and  conducted  by  Isaac  Tyson,  of 
Baltimore,  Md.  In  1840  another  Tyson  property,  the  Tyson 
Iron  Co.,  of  Plymouth,  Vt.,  enlisted  the  services  of  Daniel  Long, 
and  the  family  resided  there  until  1844,  when  they  removed  to 
Point  Shirley,  Mass.,  where  father  and  son  were  connected 
with  the  Revere  Copper  Co.,  the  former  as  superintendent  for 
many  years,  and  the  latter  until  1867,  when  he  removed  to 
Vershire,  Vt.,  to  take  charge  of  the  property  of  the  Vermont 
Copper  Mining  Co.  He  retired  from  this  position  in  1882  and 
settled  in  Pairlee,  Vt.,  where  he  died,  after  an  illness  of  several 
months,  on  October  27,  1906,  aged  80  years.  A  local  journal 
refers  to  him  as  "a  kind  and  tender  husband  and  friend,  a 
genial  and  generous  neighbor  and  a  worthy  citizen."  His  In- 
stitute membership  began  in  1882. 
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Prank  Chittenden  MandcU  was  born  in  Detroit,  Mich.,  August 
14, 1869.  He  was  educated  in  the  public  schools  of  Detroit,  and 
graduated  in  1881  at  the  University  of  Michigan,  as  Bachelor 
of  Arts.  For  a  year  or  two,  as  member  of  an  engineering 
corps  of  the  Northern  Pacific  Bailroad,  he  was  engaged  in  field 
work  in  Minnesota,  Kansas  and  Nebraska;  and  in  1883  he 
started  for  the  farther  West,  purchasing  a  ticket "  to  the  end  of 
the  line,"  and  thus  becoming  a  passenger  on  the  first  passenger 
train  into  Hailey,  Idaho,  where  he  established  his  permanent 
home.  For  two  years  he  was  associated  with  a  local  mining 
engineer  and  surveyor,  and  then  revisited  Michigan  for  six 
months  of  post-graduate  work  in  engineering.  On  his  return 
to  Hailey  he  opened  an  oflice  for  professional  practice,  and  en- 
gaged in  mining  and  hydraulic  engineering  and  mineral  sur- 
veying in  various  parts  of  Idaho,  Utah  and  Montana.  His 
whole  time,  with  the  exception  of  one  term  in  the  Idaho  legis- 
lature, was  spent  in  the  practice  of  his  profession.  He  died 
December  14,  1906,  of  pneumonia. 

Mr.  Maudell  was  a  hard  student  and  a  clear  and  accurate 
thinker,  a  good  man  and  a  good  citizen,  who  left  to  his  family 
and  friends  the  precious  heritage  of  a  life  well  spent,  an  honor 
unsullied.     His  membership  in  the  Institute  dates  from  1906. 

Edmund  Howd  Miller^  professor  of  analytical  chemistry  and 
assaying  at  Columbia  University,  New  York  City,  died  No- 
vember 8,  1906,  of  typhoid  fever  at  his  home  in  West  Nyack, 
N.  Y.  He  was  born  in  1869  at  Fairfield,  Conn.  In  1891  he 
was  graduated  as  E.  M.  from  the  Columbia  School  of  Mines, 
receiving  also  in  1892  the  degree  of  A.M.,  and  two  years  later 
that  of  Ph.D.  From  1891  to  1894  he  was  assistant  in  assay- 
ing, was  made  a  tutor  in  1894,  instructor  in  1897,  adjunct  pro- 
fessor of  analytical  chemistry  in  1901,  and  full  professor  in 
1904.  During  the  last  seven  years  of  his  life  he  had  full 
charge  of  the  department  of  analytical  chemistry  at  Columbia. 
Dr.  Miller  contributed  largely  to  the  literature  of  his  depart- 
ment of  chemistry.  He  was  the  author  of  Quantitative  Analysis 
for  Mining  Engineers  and  of  Calculations  in  Analytical  Chemistry - 
and  joint  author  with  Dr.  P.  de  P.  Ricketts  of  Notes  on  Assay^ 
ing;  and  he  collaborated  with  E.  J.  Hall  and  M.  J.  Falk  in  the 
preparation  of  a  paper  on  The  Reduction  of  Lead  from  Litharge 
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in  Preliminary  Assays,  and  the  Advantage  of  an  Oxide  Slag, 
for  the  New  York  Meeting  of  the  Institute  in  1903  {Trans., 
xxxiv.,  387-399).  He  also  wrote  many  articles  for  scientific 
and  technical  periodicals. 

Dr.  Miller  was  chairman  of  the  New  York  Division  of  the 
American  Chemical  Society,  of  which  he  had  been  Vice-Presi- 
dent; a  Fellow  of  the  Chemical  Society  of  London,  and  a 
member  of  the  Executive  Committee  of  the  London  Society  of 
Chemical  Industry.     He  joined  the  Institute  in  1895. 

John  Fossbrook  Morris  was  born  January  1,  1879,  at  Breck- 
onshire,  Wales,  but  received  his  professional  education  at 
Sidney  University,  N.  S.  W.,  graduating  in  1899  with  honors 
as  Bachelor  of  Engineering  in  the  department  of  mining  and 
metallurgy.  From  April  to  September  of  that  year  he  was 
employed  as  assayer  and  draughtsman  by  the  Long  Reef  Gold 
Mining  Co.,  Lennonville,  W.  Australia.  In  September,  1899, 
he  joined  the  Eastern  Pioneer  Co.  as  assistant  engineer,  and 
accompanied  Dr.  Jack  on  an  expedition  through  Korea,  China 
and  Burmah,  examining  and  reporting  on  mining-properties 
and  prospects.  From  1901  to  1903  he  was  assistant  mining 
engineer  at  the  Gwendoline  mine,  Korea,  going  to  Australia 
in  the  following  year,  and  to  England  early  in  1905.  In  July, 
1905,  he  went,  in  the  employ  of  the  Borneo  Co.,  Ltd.,  to 
Singapore,  and  died,  December  23,  at  Pahang,  on  the  Malay 
Peninsula.     He  joined  the  Institute  in  1903. 

Francis  James  Odling  was  born  November  12,  1845.  His 
schooling  at  Highgate  and  at  King's  College,  London,  was  sup- 
plemented by  practical  training  at  Maudsley's  works,  Lam- 
beth. Pending  the  development  of  a  favorable  opportunity  to 
embark  in  professional  work,  Mr.  Odling  engaged  in  the  tim- 
ber trade.  In  1879  he  became  a  partner  in  the  firm  of  West- 
ern &  Co.,  of  Derby.  This  connection  lasted  until  the  concern 
closed  up  its  business  in  1884.  In  1886  he  went  to  Australia, 
stopping  first  at  Sydney  and  later  in  the  same  year  at  Mel- 
bourne, doing  metallurgical  and  mining  work.  In  1888  he 
became  manager  of  the  Pinnacles  Tribute  mine,  at  Broken 
Hill.  While  there  he  invented  an  electro-magnetic  separator 
for  the  concentration  of  pyrrhotite.  In  1893  he  returned  to 
Melbourne  to  continue  his  experimental  work.     His  purpose 
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was  to  devise  a  magnetic  separator  of  high  intensity  suitable 
for  the  separation  of  rhodonite  and  similar  minerals  of  low 
magnetic  permeability  from  the  ores  associated  with  them. 
His  efforts  resulted  in  the  production  of  a  type  of  dry  mag- 
netic separator  which  i^  said  to  have  performed  very  satisfac- 
tory work.  To  satisfy  the  general  preference  for  a  wet  separar 
tor,  he  originated  one  which  embodied  many  novel  ideas,  and 
which  is  reported  to  have  been  very  successful  in  operation. 
He  was  also  the  inventor  of  a  new  type  of  vanner,  especially 
suitable  for  the  concentration  of  fine  slimes.  Up  to  the  time 
of  his  death  he  was  at  work  on  a  separator  to  be  supplied  with 
energy  from  a  polyphase  circuit,  to  do  away  with  the  necessity 
for  a  mechanical  drive,  and  was  also  endeavoring  to  make  use 
of  the  alternating  current  in  the  separation  of  different  min- 
erals. Mr.  Odling's  inventions  were  put  on  the  market  by  the 
Ore-Separating  Co,,  of  Melbourne.  He  died  September  10, 
1906,  of  pneumonia.     He  had  joined  the  Institute  in  1893. 

William  Fainter^  who  died  July  15,  1906,  at  Baltimore,  was 
born  November  20,  1888  at  Triadelphia,  Md.,  where  he  lived 
until  manhood  on  his  father's  farm.  After  his  school-days  he 
engaged  in  the  hide  and  leather  business  in  Wilmington,  Del., 
but  a  strong  inclination  for  mechanics  led  him,  in  1861,  to  select 
mechanical  engineering  as  a  broader  field  for  the  exercise  of 
his  remarkable  inventive  faculty.  From  that  time  until  he 
died  he  was  constantly  at  work  on  his  inventions.  All  branches 
of  mechanics  benefited  by  his  industry.  Especially  notable  is 
a  series  of  pumps,  designed  by  him,  many  of  which  are  exten- 
sively used  both  in  this  country  and  abroad.  In  1882  the  bot- 
tling industry  attracted  his  notice.  The  idea  of  a  bottle-stop- 
per to  be  used  but  once  and  then  discarded  occurred  to  him, 
and  led  to  the  invention  of  the  three  systems  of  sealing  bottles 
now  universally  used — the  "  loop  seal,"  the  "  aluminum  sys- 
tem "  and  the  "  crown  cork."  Mr.  Painter  also  designed  all 
the  machinery  for  their  manufacture.  The  Bottle  Seal  Co. 
was  organized  in  1882,  with  Mr.  Painter  as  secretary  and  gen- 
eral manager.  In  1892,  when  he  patented  the  crown  cork,  the 
Crown  Cork  &  Seal  Co.  was  incorporated,  and  absorbed  the 
Bottle  Seal  Co.,  retaining  him  as  secretary  and  general  man- 
ager. Mr.  Painter  has  been  termed  the  pioneer  inventor  of 
the  bottling  industry.     In  addition  to  the  three  systems  of 
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fiealing  bottles,  practically  all  of  the  machinery  now  used  in 
the  bottling  industry  was  designed  and  patented  by  him  or  is 
based  on  his  designs.  More  than  one  hundred  United  States 
patents  were  issued  to  him,  and  many  were  pending  when  he 
died.  Factories  for  the  manufacture  of  his  devices  are  in  op- 
eration in  England,  Germany,  France,  Japan,  Mexico  and 
Canada,  as  well  as  in  this  country. 

A  powerful  physique,  untiring  energy,  great  perseverance, 
inventive  talent  and  excellent  business  instincts,  added  to  an 
attractive  and  generous  personality,  made  him  one  of  the  most 
esteemed  residents  of  Baltimore,  in  both  business  and  social 
circles.  He  became  a  member  of  the  Institute  in  1893.  He 
was  also  a  life  member  of  the  Maryland  Academy  of  Sciences, 
and  a  member  of  the  American  Society  of  Mechanical  Engi- 
neers, the  Merchants'  and  Manufacturers'  Association,  the  Athe- 
nseum  Club  of  Baltimore,  the  Baltimore  Country  Club,  the 
Baltimore  Yacht  Club,  and  the  Green  Spring  Valley  Hunt  Club. 

Stanley  H.  Pearce^  beloved  and  promising  son  of  Richard 
Pearce,  of  Denver,  Colo,,  an  honored  member  and  past-Presi- 
dent of  the  Institute,  died  July  10, 1906,  in  his  38th  year,  after 
a  brief  but  brilliant  professional  career.  After  graduation  at 
the  Sheffield  Scientific  School  of  Yale  University,  he  began 
practical  experience  at  the  works  of  the  Colorado  Mining  & 
Smelting  Co.,  in  Butte,  Mont.,  under  the  immediate  direction 
of  C.  W.  Goodale.  Upon  the  discovery  of  gold  on  the  Klon- 
dike, he  equipped  and  conducted  an  expedition  to  the  Yukon 
Territory.  In  1901  he  engaged  in  copper-mining  at  Magda- 
lena,  Sonora,  Mexico,  where  he  was  in  charge  of  the  Gayner 
mine  when  he  contracted  the  fever  which  suddenly  proved 
fatal.  Mr.  Pearce  became  a  member  of  the  Institute  in  1896, 
and  his  early  death  disappointed  many  hopes,  entertained  not 
only  by  his  distinguished  father,  but  also  by  a  host  of  his 
father's  friends. 

Herman  Poole  was  born  in  Boston,  Mass.,  March  9, 1849,  and 
died  February  6,  1906,  at  his  residence  in  New  York  City.  He 
studied,  1866-67,  at  the  Massachusetts  Institute  of  Technology, 
and,  1868-70,  at  Cornell  University.  From  1871  to  1881  he 
was  engaged  in  chemical  and  assay  work  in  BuflSalo,  N.  Y.,  in 
1876  acting  as  metallurgist  for  the  Erie  Mining  Co.,  and  in 
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1881-82  for  the  Alpha  Oil,  Gblb[&  Mining'JOo.,  of  Samia,  On- 
tario, Canada.  The  Graselte  Chemical  Co.,  of  Cleveland,  Ohio, 
employed  him  as  chemist  from  1886  to  1891.  In  1900  he  was 
chemist  and  engineer  for  the  American  Gold  &  Copper  Co.,  of 
New  York,  and  from  1883  until  the  time  of  his  death  he  prao- 
ticed  as  a  consulting  chemist  and  metallurgist  in  that  city.  Mr. 
Poole  was  an  able  chemist,  and  showed  his  interest  in  his  pro- 
fession by  membership  in  a  number  of  technical  societies.  He 
joined  this  Institute  in  1900,  and  contributed  to  its  Transactions 
(xxxvi.,  403)  an  interesting  paper  on  Kernel-Roasting.  He 
was  also  a  member  of  the  American  Society  of  Mechanical 
Engineers,  the  American  Chemical  Society,  the  Society  of 
Chemical  Industry, and  the  American  Electro-Chemical  Society. 

Arthur  Fordyce  Rising  was  born  August  13,  1876,  at  Ocono- 
mowoc.  Wis.  His  professional  training  was  acquired  at  the 
Colorado  School  of  Mines.  After  holding  the  position  of 
chemist  at  the  Raritan  Copper  Works,  and  a  similar  office  at 
the  De  Lamar  Copper  Works,  he  became,  in  1904,  manager 
of  the  Madoc  Mining  Co.,  at  Madoc,  Canada.  Later,  he  was 
occupied  for  some  time  at  Tweed,  Ontario,  Canada,  and  then 
employed  by  the  General  Chemical  Co.,  of  New  York,  at  Hun- 
gerford,  Canada,  where  he  had  charge  of  mines  and  construc- 
tion work.  He  died  of  typhoid  fever  at  Portland,  Conn.,  October 
10,  1906.     His  Institute  membership  began  in  1904. 

George  H,  Robinson  was  born  in  1854,  near  Cleveland,  Ohio. 
He  acquired  a  common  school  education  at  Akron,  Ohio,  and 
at  the  agie  of  15  years  joined  the  office-force  of  Paul  Brothers, 
civil  engineers.  Until  1878  he  was  employed  in  municipal-  and 
railroad-surveying.  In  that  year  he  went  West  as  locating  en- 
gineer for  the  Atchison,  Topeka  &  Santa  Fe  Railway,  on  the 
first  survey  of  that  line  into  Colorado.  He  took  up  mining  en- 
gineering at  Leadville,  in  the  employ  of  the  Little  Pittsburg 
Mining  Co.,  and  as  a  member  of  the  firm  of  Chapman  &  Robin- 
son conducted  underground  surveys  in  many  of  the  mines  of 
that  section,  including  the  Chrysolite,  Iron  Silver,  and  Little 
Chief.  The  United  States  geological  survey  of  that  district 
was  based  in  large  part  upon  the  maps  of  mine-workings  pre- 
pared by  him.  In  1882,  after  a  term  as  assistant  manager  of 
the  Chrysolite  Co.,  he  went  to  Montana,  and  was  occupied  on 
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government  surveys  there  for  two  seasons,  after  which  he  en- 
gaged in  coal-mine  surveying  and  general  engineering  practice 
in  Wheeling,  W.  Va.  In  1885  he  returned  to  Montana,  becom- 
ing a  member  of  the  iirm  of  Sizer  &  Robinson,  of  Helena.  In 
1886  he  gave  up  general  practice  to  engage  with  the  Montana 
Mining  Co.,  operating  the  Drumlummon  mine,  as  engineer, 
soon  becoming  assistant  manager,  and,  about  1890,  manager. 
The  years  from  1892  to  1898  were  passed  in  Utah  and  Montana, 
operating  in  the  Tintic  district,  and  managing  the  Mammoth 
Mining  Co.,  the  mining  interests  of  Captain  De  Lamar,  and  the 
Utah  mining  properties  of  Franklin  Parrell.  In  1898  Mr.  Rob- 
inson was  appointed  chief  engineer  of  the  Montana  Ore  Pur- 
chasing Co.,  and  from  1898  to  1908  was  consulting  engineer  to 
F.  A.  Heinze  and  the  United  Copper  Co.  He  relinquished  this 
position  to  organize  the  Britannia  Mining  Co.,  operating  mines 
at  Howe  Sound,  British  Columbia,  of  which  he  became  manag- 
ing director.  He  also  owned  a  large  interest  in  the  Yampa 
mine,  at  Bingham,  Utah.  His  death  took  place  July  3,  1906, 
in  New  York  City.  He  had  been  connected  with  the  Institute 
since  1886. 

Albert  W.  Sayles  was  born  in  Quincy,  111.,  May  16,  1874. 
His  technical  education  was  in  the  Mechanical  Engineering 
Department  of  the  Scranton  (Pa.)  Correspondence  Schools.  In 
1889  he  engaged  with  Fraser  &  Roberts,  manufacturers  of  min- 
ing-machinery at  Spokane,  Ore.,  starting  in  the  shop  and  be- 
coming connected  afterwards  with  the  sales  department  until 
1902.  In  1902-3  he  was  assistant  manager  of  the  Eastern 
Oregon  Mining  Co.,  of  Bourne,  Ore.;  from  1903  to  October, 
1906,  the  agent  of  the  Mine  &  Smelter  Supply  Co.  in  north- 
western territory,  with  headquarters  in  New  York,  N.  Y.  At 
the  last-mentioned  date  he  went  to  Carbo,  Sonora,  Mexico,  for 
the  Giroux  Consolidated  Mines  Co. 

On  January  9,  1906,  Mr.  Sayles  left  the  company's  Sultana 
mines  for  Carbo,  but  did  not  arrive  as  expected.  Search  on 
the  trail  discovered  his  horse  without  saddle,  and  portions  of 
his  body.  He  was  supposed  to  have  been  murdered  by  Yaqui 
Indians,  some  of  whom  had  been  seen  near  the  trail.  Although 
a  reward  was  ofiered  for  the  capture  of  the  murderers,  no  fur- 
ther trace  was  found.  Mr.  Sayles  was  elected  a  member  of  the 
Institute  in  May,  1905. 
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Richard  John  Seddon  was  born  in  Lancashire,  England,  in 
1841.  His  first  employment  was  as  apprentice  to  an  engineer. 
In  1863  he  emigrated  to  Australia,  where  he  became  a  mer- 
chant. When  the  "gold-fever"  broke  out, he  engaged  in  min- 
ing at  Bendigo.  A  few  years  later  he  went  to  New  Zealand, 
where  he  worked  as  a  miner  and  mining  engineer.  He  ac- 
quired prominence  as  a  labor-leader,  and  in  1879  he  was  elected 
to  the  Legislature,  where  he  soon  came  to  the  front,  being  made 
Minister  of  Mines  in  1891  and  Prime  Minister  in  1893,  which 
latter  office  he  held  until  his  death.  Mr.  Seddon  was  a  man  of 
high  courage,  great  energy  and  inflexible  determination,  who 
worked  his  way  to  the  head  of  the  government  of  his  adopted 
country  and  held  his  place  by  his  commanding  personality. 
Under  his  administration,  New  Zealand  took  the  lead  in  the 
enactment  of  laws  for  the  promotion  of  the  welfare  of  the 
working-class.  Compulsory  arbitration  of  industrial  disputes, 
old-age  pensions,  universal  suffrage  for  both  sexes,  the  living 
wage.  State-owned  railways,  telegraphs  and  telephones,  postal 
savings-banks,  loans  to  settlers,  a  land-purchase  system  to  en- 
force the  division  of  large  land-holdings,  and  many  other  meas- 
ures designed  to  enhance  the  prosperity  of  the  people,  have 
earned  for  New  Zealand  the  name  of  "  the  workingman's  para- 
dise." The  remarkable  demonstrations  of  grief  on  the  occa- 
sion of  the  funeral  of  the  late  Premier  testify  to  the  place  he 
held  in  the  affections  of  the  people.  Business  was  generally 
suspended  throughout  the  country  on  the  day  of  the  funeral. 
Mr.  Seddon  died  June  10, 1906,  on  board  the  steamer  on  which 
he  had  embarked  a  few  hours  before  at  Sydney,  N.  S.  W.,  to 
return  to  New  Zealand  after  a  visit  to  Australia.  He  became 
a  member  of  the  Institute  in  1888. 

James  C.  Simpson^  well  known  in  the  West  as  a  colliery  op- 
erator and  manager,  was  born  in  Scotland,  where  (after  a  pre- 
liminary education  and  experience,  of  which  the  particulars 
have  not  been  furnished  for  this  notice)  he  became  general 
manager  for  his  uncle,  George  Simpson,  who  had  opened  coal- 
seams  at  Hamilton.  This  position  he  retained  under  the  suc^ 
ceeding  owners  of  the  property,  until,  two  or  three  years  after 
1880,  he  left  Hamilton  to  engage  in  wider  operations  connected 
with  the  coal-trade  of  both  England  and  the  United  States, 
operating  extensively  in  both  countries.     From  1886  to  1898 
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he  was  general  manager  of  the  Consolidated  Coal  Co.,  of  St. 
Loais,  Mo. ;  but  in  the  latter  year  he  returned  to  Scotland  and 
settled  in  Edinburgh,  where  he  died,  September  9,  1906,  of 
heart-failure. 

He  was  one  of  the  original  members,  and  in  1879  the  Vice- 
President,  of  the  Mining  Institute  of  Scotland,  the  Transdctions 
of  which  for  that  year  contain  a  valuable  paper  by  him  on 
The  Ventilation  of  Mines,  Economically  Considered.  He  be- 
came a  member  of  this  Institute  in  1887,  and  continued  his 
connection  with  it,  even  through  the  final  years  of  his  retire- 
ment and  inaction,  until  he  died. 

Francis  Lewis  Sperry  was  born  in  Tallmadge,  Ohio,  October 
22,  1861,  and  died  in  that  place,  April  17, 1906.  After  gradu- 
ating at  the  Tallmadge  high  school,  he  took,  1883-4  to  1885-6, 
a  special  course  in  chemistry  and  metallurgy  at  the  Sheffield 
Scientific  School  of  Yale  University.  Upon  leaving  New 
Haven,  he  became  chief  chemist  for  the  Canadian  Copper  Co., 
at  Sudbury,  Ontario,  Canada,  where  he  remained  until  1891. 
While  in  this  employ  he  discovered  in  the  nickel-bearing 
pyrrhotite  and  chalcopyrite  of  Sudbury  the  only  known  native 
ore  of  platinum,  an  arsenide,  which,  in  his  honor,  has  been 
named  sperrylite.  From  Canada  he  went  to  Freiberg,  Saxony, 
for  further  study;  and  after  his  return,  practiced,  1896-9,  as 
consulting  chemist  in  New  York  City.  In  1900  Mr.  Sperry 
returned  te  his  early  home  in  Ohio,  where  he  continued  expert 
chemical  and  metallurgical  work,  though  hampered  and  dis- 
tracted by  business  cares  and  litigations,  imposed  upon  him  as 
the  representative  of  his  family. 

Mr.  Sperry  was  a  devoted  member  of  the  Institute,  which 
he  joined  in  1889.  In  1895  he  contributed  to  the  Transactions 
(xxv.,  61)  a  notable  paper  on  Nickel  and  Nickel  Steel. 

John  Stanton  was  born  in  Bristol,  England,  February  25, 
1880,  and  died  in  New  York  City,  February  23,  1906.  His 
father,  John  Stanton,  was  a  civil  and  mining  engineer,  and 
came  to  this  country  with  his  family  in  1835,  locating  himself 
at  Pottsville,  Pa.,  where  he  bought  coal-lands  and  engaged  in 
coal-mining.  From  him  his  son  received  instruction  in  engi- 
neering, and,  about  1847,  at  the  age  of  17,  took  charge  of 
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and  other  enterprieee,  especially  in  Sonera,  including  the  El 
Tino  mine,  in  the  Altar  district.  He  was  also  known  in  Cali- 
fornia as  operating  the  Texas  and  Georgia  (now  the  Texas  Con- 
solidated) mines  at  Old  Diggings,  Shasta  county,  and  also  the 
BuUychoop  and  Central  property  in  the  same  district.  Mr. 
Hart  had  resided  in  California  for  some  years  before  his  death, 
but  journeyed  to  Mexico  in  search  of  health  in  August,  1906. 
He  became  a  member  of  the  Institute  in  1900. 

Chrisiopfier  Henne  was  born  in  Los  Angeles,  Cal.,  February 
22,  1874.  After  attending  the  schools  of  that  city  and  a  tech- 
nical school  in  Germany,  he  was  graduated  from  Leland  Stan- 
ford University,  and  took  a  post-graduate  course  at  the  School 
of  Mines  of  Columbia  University.  His  operations  as  a  mining 
engineer  covered  a  wide  territory,  extending  from  Alaska 
(where  he  prospected  a  year  before  the  discovery  of  gold  in  the 
Klondike)  to  Arizona.  He  also  traveled  through  Europe, 
Africa,  Japan  and  China.  The  years  from  1903  to  1906  were 
spent  mainly  in  Colorado.  His  death  occurred  at  Tucson,  Ariz., 
December  12,  1906.  His  Institute  membership  dated  from 
1900. 

George  L,  Keener^  who  died  at  Colorado  Springs,  August  13, 
1906,  after  an  illness  of  several  months,  was  born  in  Iowa 
about  1862.  On  the  discovery  of  gold  at  Cripple  Creek  he 
went  to  Colorado,  where  he  was  markedly  successful  and  be- 
came one  of  the  best-known  mining  men  of  the  Colorado 
Springs  district.  He  was  superintendent  of  the  Mary  McKin- 
ney  mine  for  several  years,  but  resigned  from  that  position  to 
assume  the  management  of  the  leasing-system  inaugurated  by 
the  directors  of  the  Stratton  estate.  He  became  in  1899  a 
member  of  the  Institute. 

Winfield  Scott  Keyes  was  born  in  1839  at  Brooklyn,  N.  Y., 
graduated  at  Yale  College  in  1860,  and  professionally  educated 
as  a  mining  engineer  and  metallurgist  at  the  Royal  Mining 
Academy  of  Freiberg,  Saxony,  whence  he  returned  to  America 
in  1863.  For  several  years  he  pursued  his  profession  in  Cali- 
fornia, gradually  extending  the  range  of  his  practice  to  other 
States,  Territories  and  countries.  In  the  end,  his  practical  ex- 
perience of  34  years  had  comprised  expert  examinations  and 

[16] 


BIOOBAPHIGAL   NOTICES   OF   1906.  673 

mining]  and  metallurgical  operations  in  California,  Nevada, 
Montana,  Colorado,  Arizona,  Utah,  Idaho,  New  Mexico,  Sina- 
loa,  Durango,  Sonora  and  Chihuahua. 

In  1866  Mr.  Keyes,  then  located  as  a  mining  engineer  at 
Helena,  Mont,  contributed  to  the  report  of  the  U.  S.  Commis- 
sioner of  Mining  a  vigorous  and  acute  criticism*  of  the  U.  S. 
mining  law  of  1866,  including  a  protest  against  its  grant  of 
what  has  since  become  familiarly  known  as  the  "  extralateral 
right,"  and  an  earnest  recommendation  of  the  "  square  loca- 
tion "  system,  under  which  mining  rights  are  bounded  by  ver- 
tical planes  through  the  boundaries  of  the  claim  on  the  surface. 
His  position  and  his  prophecies  were  justified  by  the  subsequent 
history  of  "the  law  of  the  apex;"  and  he  continued  for  nearly 
40  years  to  urge  the  correction  of  the  mistake  in  legislation 
which  he  had  been  the  first  to  denounce. 

About  1871  he  went  to  Eureka,  Nev.,  where  he  was  for 
years  the  manager  of  the  lead-silver  mines  and  smelting-works 
of  the  Eureka  Consolidated,  K.  K.,  Phoenix,  Hamburg  and 
other  companies.  In  1878  or  1879  he  went  to  Leadville,  Colo., 
where  he  had  charge  of  the  Chrysolite  mine. 

Mr.  Keyes  was  a  member  of  the  Board  of  Judges  of  the 
Centennial  Exposition  at  Philadelphia  in  1876 ;  an  Honorary 
Commissioner  to  the  Paris  Exposition  of  1878 ;  for  many  years 
chief  of  the  State  Mining  Bureau  of  California,  and  a  member 
of  the  Executive  Committee  of  the  California  Miners'  Associ- 
ation. He  was  also  general  manager  of  the  Pan-American 
Development  Co.,  operating  mines  in  Sinaloa,  Mex.  His  pub- 
lished writings,  aside  from  special  professional  reports,  include 
monographs  on  The  Resources  of  California  and  The  Re- 
sources of  Montana. 

Mr.  Keyes  gave  to  this  Institute  an  early  and  cordial  support, 
although  his  residence  on  the  Pacific  slope  prevented  for  many 
years  his  active  participation  in  its  meetings.  He  became  a 
member  in  February,  1872,  less  than  a  year  after  the  organiza- 
tion of  the  Institute — or,  in  other  words,  he  applied  for  mem- 
bership in  it  as  soon  as  he  heard  of  its  existence.  In  1880, 
1881  and  1882  he  served  on  the  Council  as  Manager,  and  in 

*  StaUsHcs  of  Mines  and  Mining  in  the  Staies  and  Terriiories  Wat  of  the  Rocky 
Mountainsj  bj  Boflsiter  W.  Raymond,  United  States  Gommiasioner  of  Mining 
SUtisticB.    Washington,  1869,  p.  152. 
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1884  and  1885  as  Vice-President;  and  in  1877  be  contributed 
to  the  Transactions  a  masterly  paper  on  the  Eureka  Lode  of 
Eureka,  Eastern  Nevada.* 

Mr.  Keyes  died  December  27,  1906,  at  San  Francisco,  Cal. 

John  G.  Lanning^  who  was  instantly  killed  in  an  elevator  ac- 
cident in  Boston,  July  18,  1906,  had  been  identified  with  the 
manufacture  of  open-hearth  steel  since  its  beginning  in  this 
country :  first  at  the  Norway  Iron  Works,  South  Boston,  Mass., 
and  later  in  the  operation  of  open-hearth  plants  at  Birmingham 
and  Fort  Payne,  Ala.  The  business  depression  of  1893  com- 
pelled the  closing  of  the  Fort  Payne  plant,  and  Mr.  Lanning 
became  furnace  superintendent  of  the  Eureka  Steel  Castings 
Co.,  of  Chester,  Pa.  From  1896  to  1903  he  was  superin- 
tendent of  the  open-hearth  department  of  the  Newburg  Works 
of  the  American  Steel  &  Wire  Co.,  at  Newburg,  Ohio.  He 
resigned  from  this  position  to  take  charge  of  the  Clairton  Steel 
Works,  Clairton,  Pa.  In  1905  he  became  superintendent  of 
the  Lackawanna  Steel  Works,  Bufl&lo,  N.  T, ;  and  in  the  fol- 
lowing year  he  removed  to  Dorchester,  Mass. 

Mr.  Lanning  was  a  practical  designer,  constructor  and  chem- 
ist in  his  department  of  metallurgy,  and  an  able  manager.  He 
was  a  grandson  of  John  S.  Qustin,  a  noted  designer  and 
builder  of  rolling-mills,  who  took  a  prominent  part  in  the  de- 
velopment of  the  iron  business  of  this  country,  and  who  de- 
signed and  superintended  the  construction  of  the  Norway  Iron 
Works,  and  mills  at  Trenton,  N.  J.,  Worcester,  Mass.,  and 
Toronto,  Canada.  Mr.  Lanning  became  a  member  of  the  In- 
stitute in  1893. 

Gvstavus  W.  Lehmann  was  born  in  Wiesbaden,  Germany, 
August  20,  1844,  and  was  a  pupil  in  chemistry  of  Dr.  Frese- 
nius.  He  came  to  this  country  in  1866 ;  became  assistant  in  the 
chemical  laboratory  of  the  Baltimore  Copper  Works,  at  Can- 
ton, in  1868,  and  remained  until  the  business  was  suspended 
by  the  operation  of  the  TariflT  Law  of  1869,  which  cut  off  its 
supply  of  foreign  copper  material.  In  1871,  when  the  mineral 
development  in  this  country  reached  the  point  of  producing 
sufficient  copper  to  allow  this  works  to  resume  production,  he 

*  Tram,,  vi.,  344. 
[18] 


BIOGRAPHICAL   NOTICES   OF   1906.      •  675 

became  its  chief  chemist  and  assayer,  and  remained  in  that 
position  during  its  large  development  until  the  autumn  of 
1892,  when,  moved  by  the  growing  demand  for  analysis  in  the 
largely  increasing  fertilizer  business,  he  began  a  private  busi- 
ness as  analytical  chemist  in  Baltimore.  While  so  engaged,  he 
accepted  the  office  of  chemist  to  the  city  Board  of  Health,  and 
continued  in  both  until  his  death,  in  August,  1906.  He  was  a 
close  student  in  all  that  pertained  to  his  chosen  occupation,  and 
kept  himself  well  informed  in  its  rapid  progress  both  here  and 
abroad.  He  was  always  a  broad-minded,  progressive  citizen  of 
his  adopted  country,  taking  an  active  interest  in  measures  that 
concerned  the  welfare  of  the  people.  Withal,  he  was  essen- 
tially domestic,  enjoying  the  delightful  home  he  had  won,  and 
cultivating  its  aesthetic  charms. 

Dr.  Lehmann  was  a  member  of  many  organizations  in  and 
around  Baltimore,  and  also  a  director  in  several  business  con- 
cerns, in  all  of  which  he  was  both  honored  and  respected ;  and 
his  death  was  a  loss  not  only  to  those  with  whom  he  came  in 
contact,  but  to  the" whole  community.  He  became  a  member 
of  the  Institute  in  1892* 

William  H,  Lovg  was  born  at  Harford,  Md.,  October  29, 
1826.  In  1831  his  family  moved  to  South  Strafford,  Vt., 
where  his  father,  Daniel  Long,  was  employed  by  the  copper- 
mining  company  owned  and  conducted  by  Isaac  Tyson,  of 
Baltimore,  Md.  In  1840  another  Tyson  property,  the  Tyson 
Iron  Co.,  of  Plymouth,  Vt.,  enlisted  the  services  of  Daniel  Long, 
and  the  family  resided  there  until  1844,  when  they  removed  to 
Point  Shirley,  Mass.,  where  father  and  son  were  connected 
with  the  Revere  Copper  Co.,  the  former  as  superintendent  for 
many  years,  and  the  latter  until  1867,  when  he  removed  to 
Vershire,  Vt.,  to  take  charge  of  the  property  of  the  Vermont 
Copper  Mining  Co.  He  retired  from  this  position  in  1882  and 
settled  in  Pairlee,  Vt.,  where  he  died,  after  an  illness  of  several 
months,  on  October  27,  1906,  aged  80  years.  A  local  journal 
refers  to  him  as  ^'a  kind  and  tender  husband  and  friend,  a 
genial  and  generous  neighbor  and  a  worthy  citizen."  His  In- 
stitute membership  began  in  1882. 
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and  civil  engineer  of  the  Cochita  Gold  Mining  Co.,  Bland, 
New  Mexico,  and  afterwards  had  charge  of  the  cyanide  de- 
partment of  that  company.  He  was  next  employed  at  Pitkin, 
Colo.,  as  superintendent  of  the  Wallace  Mining  Co.,  after 
which  he  went  to  Mexico  as  superintendent  of  the  Yerbabuena 
Mining  Co.,  and  held  that  office  until  his  decease.  His  Insti- 
tute membership  dates  from  1900. 

John  Price  WetheriU  was  born  in  1844  at  Belleville,  N.  Y., 
and  died  November  9,  1906,  at  his  home  in  Philadelphia.  His 
father,  Samuel  WetheriU,  who  founded  the  Lehigh  Zinc  Works 
at  South  Bethlehem  (once  called  WetheriU),  and  conducted  it 
up  to  the  outbreak  of  the  Civil  War,  when  he  retired  from  its 
management  to  enter  the  Union  Army,  was  the  inventor  of  a 
process  for  making  zinc  oxide  direct  from  the  ore,  which  revo- 
lutionized a  large  department  of  the  metallurgy  of  zinc.  John 
P.  WetheriU  was  a  graduate  in  mining  engineering  of  the 
Polytechnic  College,  Philadelphia.  He  established  himself  as 
a  consulting  engineer  at  Mahanoy  City,  and  after  a  short  time 
became  resident  engineer  of  the  Reading  Coal  &  Iron  Co.  at 
Tremont,  and  later  at  Potts ville.  Pa.,  having  full  charge  of  all 
the  collieries  of  that  company.  In  1881  he  resigned  this  charge 
to  become  general  manager  of  all  the  plants  and  properties  of 
the  Lehigh  Zinc  Co.,  South  Bethlehem,  Pa.,  of  which  he  was 
one  of  the  founders  and  incorporators,  and  which  had  just  pur- 
chased the  Lehigh  Zinc  Works,  founded  by  his  father.  In 
1897  the  company  was  absorbed  by  the-  New  Jersey  Zinc  Co. 
At  that  time  Mr.  WetheriU  retired  from  active  supervision, 
continuing  as  consulting  engineer  and  one  of  the  directors 
until  about  a  year  before  his  death. 

Mr.  WetheriU  had  a  world-wide  reputation  as  an  expert  in 
all  departments  of  the  zinc  industry.  He  devoted  years  to  r^ 
search  in  his  special  field,  and  devised  many  improvements  in 
processes  and  practice.  His  best-known  invention,  the  Weth- 
eriU magnetic  separator,  which  is  in  use  in  many  parts  of  the 
world,  is  described  in  a  paper  by  Messrs.  Wilkins  and  Nitze  on 
The  Magnetic  Separation  of  Non-Magnetic  Material,  Trans.^ 
xxvi.,  851,  and  the  discussion  thereof.  Trans. ^  xxvi.,  1089.  Mr. 
WetheriU  became  a  life  member  of  the  Institute  in  1896. 
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Relative  Elimination  of  Iron,  Sulphur,  and  Arsenic  in 
Bessemerizing  Copper-Mattes. 

A  DiflcusBion  of  the  Paper  of  E.  P.  Mathewson,  preeented  at  the  New  York 
Meeting,  April,  1907,  and  printed  in  Bi-MoiUhly  Bullaiuy  No.  13,  January,  1907, 
pp.  7  to  14. 

Prof.  Hbnrt  M.  Howe,  New  York,  N".  Y.  (communication 
to  the  Secretary  * ) : — The  results  presented  in  Mr.  Mathewson's 
paper  are  of  very  great  interest  Perhaps  the  most  interest- 
ing is  that  shown  in  Table  I.  and  Fig.  1,  in  which  the  arsenic 
decreases  in  10  min.  from  0.22  to  0.07  per  cent  This  is  such 
a  large  decrease  that  it  is  to  be  hoped  that  Mr.  Mathewson 
will  verify  it  by  repeating  his  tests  with  a  matte  of  similar  com- 
position. This  is  particularly  to  be  desired,  because  the  simul- 
taneous removal  of  sulphur  appears  to  be  very  small.  All 
three  blows  further  agree  in  showing  that  the  removal  of 
arsenic  is  in  the  very  early  part  of  the  blow.  The  fact  that 
the  removal  of  arsenic  then  ceases  abruptly  cannot  be  ex- 
plained completely  by  the  fact  that  the  arsenic  has  fallen  so 
low  as  by  its  lowness  to  resist  further  removal,  because  in  the 
first  blow  the  arsenic  becomes  stationary  at  0.06  per  cent, 
whereas  in  the  third  blow  it  does  not  become  stationary  until 
it  has  fallen  to  0.084  per  cent.  The  abrupt  ending  of  the  re- 
moval of  arsenic  is  more  likely  to  find  its  explanation  in  the 
composition  of  the  slag,  and  it  is  to  be  hoped  that  Mr.  Mathew- 
son  will  supplement  these  extremely  valuable  data  with  others 
in  which  the  composition  of  the  slag  at  the  same  time  shall  be 
given. 

The  sudden  rise  of  arsenic  toward  the  end  of  the  third  blow 
I  suppose  must  be  referred  to  an  error  in  sampling  or  analysis. 

Mr.  Mathewson  speaks  on  page  14  of  the  "percentages  of 
iron  .  .  .  volatilized  during  the  first  period."  Is  it  his  mean- 
ing that  all  this  iron  is  really  volatilized,  or  does  he  mean  that 
the  iron  is  scorified  and  the  sulphur  volatilized  ? 


*  Received  Feb.  9,  1907. 
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E.  P.  Mathewson  (communication  to  the  Secretary*): — 
Referring  to  the  final  paragraph  of  Prof.  Howe's  discussion,  I 
beg  to  say  that  the  word  "  volatilized ''  as  applied  to  the  iron 
should  be  "scorified,"  as  he  suggests.  Volatilization,  of  course, 
refers  only  to  the  sulphur. 


*  Received  July  2,  1907. 
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a  large  decrease  that  it  is  to  be  hoped  that  Mr.  Mathewson 
will  verify  it  by  repeating  his  tests  with  a  matte  of  similar  com- 
position. This  is  particularly  to  be  desired,  because  the  simul- 
taneous removal  of  sulphur  appears  to  be  very  small.  All 
three  blows  further  agree  in  showing  that  the  removal  of 
arsenic  is  in  the  very  early  part  of  the  blow.  The  fact  that 
the  removal  of  arsenic  then  ceases  abruptly  cannot  be  ex- 
plained completely  by  the  fact  that  the  arsenic  has  fallen  so 
low  as  by  its  lowness  to  resist  further  removal,  because  in  the 
first  blow  the  arsenic  becomes  stationary  at  0.06  per  cent, 
whereas  in  the  third  blow  it  does  not  become  stationary  until 
it  has  fallen  to  0.034  per  cent.  The  abrupt  ending  of  the  re- 
moval of  arsenic  is  more  likely  to  find  its  explanation  in  the 
composition  of  the  slag,  and  it  is  to  be  hoped  that  Mr.  Mathew- 
son will  supplement  these  extremely  valuable  data  with  others 
in  which  the  composition  of  the  slag  at  the  same  time  shall  be 
given. 

The  sudden  rise  of  arsenic  toward  the  end  of  the  third  blow 
I  suppose  must  be  referred  to  an  error  in  sampling  or  analysis. 

Mr.  Mathewson  speaks  on  page  14  of  the  "percentages  of 
iron  .  .  .  volatilized  during  the  first  period."  Is  it  his  mean- 
ing that  all  this  iron  is  really  volatilized,  or  does  he  mean  that 
the  iron  is  scorified  and  the  sulphur  volatilized  ? 

♦  Received  Feb.  9,  1907. 
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E.  P.  Mathbwson  (communication  to  the  Secretary*): — 
Referring  to  the  final  paragraph  of  Prof  Howe's  discussion,  I 
beg  to  say  that  the  word  "  volatilized  "  as  applied  to  the  iron 
should  be  "  scorified,"  as  he  suggests.  Volatilization,  of  course, 
refers  only  to  the  sulphur. 

*  Received  July  2,  1907. 
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To  Engineers,  Metallurgists,  Chemists,  and  Allied  Professional  Men: 

You  will  notice  an  increase  in  the  number  of  professional 
cards  published  in  this  number  of  the  Bi-Monthly  Bulletin.  It 
is  our  intention  to  have  each  number  of  this  publication  con- 
tain eventually  a  directory  of  the  engineering  profession,  in- 
cluding metallurgists,  chemists,  geologists,  etc. 

Cards  in  any  publication  seldom  yield  direct  business,  but 
they  are  needed  to  let  your  friends  know  where  you  are  and 
to  set  forth  your  specialty.  Your  name  in  such  a  list  is  not 
only  a  help  to  yourself  but  a  duty  to  the  profession.  The 
cost  is  nominal — |l  15.00  for  one-tenth  page  in  six  issues  of 
the  Bulletin^  extending  over  a  year. 

What  better  place  for  this  directory  than  in  the  pages  of 
our  Bulletin  ? 

Let  us  have  your  card  for  the  next  number. 
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When  ROBINS  BELT  CONVEYORS,  for  handling  ore,  crashed 
rock,  all  •ubstances  in  bulk,  are  once  installed  at  mines,  mills,  concen- 
trators and  smelters,  the  reduction  in  the  cost  of  operation  is  apparent, 
if  you  consider 

THEIR  POINTS  OF  SUPERIORITY: 

^  No  complicated  parts  to  adjust  and  clean. 

^  The  conveying  and  running  systems  act  independently. 

^  The  quality  of  belting  withstands  hardest  usage. 

^  Its  tensile  strength  is  reinforced  by  rubber  covering. 

1|  Troughing  naturally  increases  its  capacity. 

^  Materials  carried  never  come  in  contact  with  pulleys. 

^  Idlers  simply  constructed  but  very  powerful. 

][  No  joints,  bolts  or  nuts  to  wear  out  and  break. 

%  Internal  lubrication  prevents  dirt  accumulation. 

^  Shut-down  are  unknown  with  proper  attention. 

^  Friction  only  exists  where  load  is  received. 

^  Power  lower  proportionately  to  work  done. 

Write  for  Illustrated  Bulletin  No.  15  describing  many  large  Mining 
Plants  using  our  machinery  successfully  and  the  methods  for  saving  ex- 
pense. Send  us  the  details  of  your  problem,  and  we  will  gladly  forward 
designs  and  estimates. 

ROBINS  CONVEYING  BELT  COMPANY, 

18-19  Park  Row,  New  York. 

Bailway  Exchange,  Chieoffo,  58  3ia$e  Street,  BMion. 


fa  (7. 


SEPTEMBER. 


r-JO?. 


i=Monthly  Bulletin 


or  THe 


American  Institute  of 
Mining  Engineers. 


PUBLISHED  BY  THB  AMERICAN  INSTTTtrrE  OF  mNlNC  ENGINIERS 

At  S-W*  Cor,  Seventh  and  Cherry  Sts* 

PHtt^riFi  PHJA.  FA, 

w&rrmu  Qmci  at  in  mitr  mtn  urniwr,  mw  roMK  n.  i 


f  ecw»»C*i  iciMi«l«AL«  otiMtmHs,  to  Jliiiiiiusrf  sntsnits  iiifny  to 
»*it  Stcurr^ftv.  AT  2B  wtin  ^»tm  «t    ?ft«  tomh  c»t.   I 


:  JEFFREY 
MACHINERY 


OF  MANY  TYPES 

ILLUSTRATED    IN     FREE 

CATALOGS 


ENDLESS    PICKING    TABLE 


CAR    HAULS 


TIPPLES 


SCREENS 


CORRESPONDENCE 
SOLICITED 

THE  JEFFREY 
MFG.  COMPANY 

COLUMBUS,  OHrO 

U.   S.   A. 

New  York         Chicago  'I 

Pittsburgh       Boston 
St.  Louis         Knoxville 
Charleston,  W.  Va. 
Denver      Montreal,  Canada 


RUBBER    BELT    CONVEYER 


SPECIAL 
CIRCULAR. 


BEGBETART'B  OFFICE 

Uiitod  EiginMring  Society  Bnildinf; 

29  West  39th  Street 

NEW  YORK,  N.  Y. 


JAMESTOWN  EXPOSITION. 

Through  the  courteous  co-operation  of  Dr.  Joseph  Hyde 
Pratt,  chief  of  the  Division  of  Mines  and  Metallurgy,  head- 
quarters have  been  established  at  the  south  entrance  of  the 
Mines  Building*  for  the  use  of  members  of  the  Institute  and 
their  guests  visiting  the  Exposition.  Conveniences  for  writing 
and  posting  letters,  etc.,  have  been  provided ;  and  arrangements 
have  been  made  for  the  prompt  delivery  of  mail-matter,  ad- 
dressed in  care  of  Dr.  J.  H.  Pratt,  Mines  Building,  Jamestown 
Exposition,  Va. 

Having  recently  spent  more  than  a  week  at  Jamestown,  in 
the  capacity  of  a  Juror  of  Awards,  Division  of  Mines  and 
Metallurgy,  I  wish  to  assure  the  members  of  the  Institute,  not- 
withstanding the  conflicting  and  sometimes  discouraging  re- 
ports of  newspaper  correspondents,  that  the  Exposition  is  well 
worth  a  visit,  even  from  those  who  remember  Chicago,  BuflTalo, 
St.  Louis,  and  Portland.  Its  smaller  area  will  be  to  many  an 
additional  attraction ;  its  pleasing  colonial  architecture  has  a 
distinctive  charm,  not  derived  by  mere  imitation  from  previous 
examples;  and,  above  all,  the  mineral  exhibits  in  the  Mines 
Building  are  so  varied  and  so  interesting  as  almost  to  warrant 
a  journey  on  their  sole  account. 

With  regard  to  convenient  and  comfortable  lodgings,  etc.,  I 

shall  be  glad  to  answer  inquiries  from  members  contemplating 

this  trip. 

Joseph  Struthers, 

Assistant  Secretary. 
Septeicbeb  23^  1907. 
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hers  of  the  Institute,  public  libraries^  educational  insti- 
tutions and  technical  sodeties,  $5  per  annum. 
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SECTIOV  I.-IVSTITTTTE  AVVOTTK CEMEHTS. 

This  section  contaiBS  announcements  of  general  interest  to 
the  members  of  the  Institute,  but  not  always  of  sufficient  per- 
manent value  to  warrant  republication  in  the  volumes  of  the 
Transactions. 


SECTION  II.— TECHVICAL  PAPEBS  AND  DISCUSSIONS. 

[The  American  Institute  of  Mining  Engineers  does  not 
assume  responsibility  for  any  statement  of  fact  or  opinion 
advanced  in  its  papers  or  discussions.] 

A  detailed  list  of  the  papers  contained  in  this  section  is  given 
in  the  Table  of  Contents.  They  have  been  so  printed  and 
arranged  (blank  pages  being  left  when  necessary)  that  they 
can  be  separately  removed  for  classified  filing,  or  other  inde- 
pendent use. 

A  small  stock  of  separate  pamphlets,  duplicating  the  tech- 
nical papers  given  in  Section  11.  of  this  Bulletin,  is  reserved  for 
those  who  desire  extra  copies  of  any  single  paper. 

Comments  or  criticisms  upon  all  papers  given  in  this  sec- 
tion, whether  private  corrections  of  typographical  or  other 
errors  or  communications  for  publication  as  "Discussions,"  or 
independent  papers  on  the  same  or  a  related  subject,  are  earn- 
estly invited. 

All  communications  concerning  the  contents  of  this  Bulletin 
should  be  addressed  to  Dr.  Joseph  Struthers,  Assistant  Secre- 
tary and  Editor,  29  W.  89th  St.,  New  York  City  (Telephone 
number  4600  Bryant). 


JAMESTOWN  EXPOSITION. 

See  Special  Notice,  accompanying  this  number,  concerning 
the  Headquarters  established  for  the  Institute  at  the  Jamestown 
Exposition  through  the  courtesy  of  Dr.  Joseph  Hyde  Pratt, 
Mem.  A.  I.  M.  E.,  Chief  of  the  Department  of  Mines  and 
Metallurgy. 


OFFICERS. 

For  the  year  ending  Pebraary,  1908. 

Council.* 

President  of  the  Coukcil. 

JOHN  HAYS  HAMMOND New  York,  N.  Y. 

(Tenn  expiree  February,  1906.) 

Vice-Presidents  of  the  Council. 

HENBY  M.  HOWE New  York,  N.  Y. 

J.  B.  GBANT Denver,  Colo. 

JAMES  D.  HAGUE New  York,  N.  Y. 

(Term  expires  February,  1908.) 

SAMUEL  B.  CHBISTY Berkeley,  Cal. 

JOHN  A.  CHUBCH New  York.  N.  Y. 

PEBSIFOB  FBAZEB Philadelphia,  Pa. 

(Term  expires  February,  1909.) 

Councilors. 

A.  A.  BLOW Washington,  D.  C. 

FBANK  LYMAN New  York,  N.  Y. 

T.  A.  BICEABD • Berkeley,  Cal. 

(Term  expires  February,  1908.) 
THEODOBE  DWIGHT J^ew  York,  N.  Y. 

WALTEB  WOOD Philadelfhla,  Pa. 

WM.  FLEET  BOBEBTSON Victoria,  B.  C,  Can. 

(Term  expires  February,  1909.) 

B.  F.  FACKENTHAL,  Jr Easton,  Pa. 

H.  O.  HOFMAN Boston,  Mass. 

WALTEB  B.  INGALLS New  York,  N.  Y. 

(Term  expires  February,  1910.) 

Secretary  of  the  Council. 

B.  W.  BAYMOND,  29  W.  39th  St New  York,  N.X 

(Term  expires  February,  1908.) 

Assistant  Secretary  and  Editor. 
JOSEPH  STBUTHEBS New  York,  N.  Y. 

Corporation. 

JAMES  GAYLEY,  President ;  JAMES  DOUGLAS,  Vice-President ; 

R  W.  BAYMOND,  Secretary ;  FBANK  LYMAN,  Treasurer  ; 
JOSEPH  STBUTHEBS,  Assistant  Secretary  and  Assistant  Treasurer. 

Directors. 

JAMES  DOUGLAS,  JAMES  F.  KEMP,  ALBEBT  B.  LEDOUX. 
(Term  expires  February,  1906.) 

THEODOBE  DWIGHT,  CHABLES  H.  SNOW,  B.  W.  BAYMOND. 

(Term  expires  February,  1909.) 
JAMES  GAYLEY,  CHABLES  KIBCHHOFF,  FBANK  LYMAN. 

(Term  expires  February,  1910.) 

Consulting  Attorneys,  Blair  &  Budd,  New  York,  N.  Y. 

*  Secretary's  Note. — ^The  Council  is  the  professional  body,  having  charge  of 
the  election  of  members,  the  holding  of  meetings  (except  business  meetings),  and 
the  publication  of  papers,  proceedings,  etc.  The  Board  of  Directors  is  the  body 
legally  responsible  for  the  business  management  of  the  Corporation,  and  is  there- 
fore, for  convenience,  composed  of  members  residing  in  New  York. 
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COMPLETE    ANALYTICAL    AND    ALPHA- 
BETICAL INDEX  OF  VOLS,  L— XXXV., 
INCLUSIVE,   OF  THE  TRANSAC- 
TIONS OF  THE   INSTITUTE. 

The  following  preface  to  the  forthcoming  complete  analy- 
tical and  alphabetical  index  of  Vols.  I.  to  XXXV.,  inclusive,  of 
the  Transacticms,  is  here  published  in  advance,  as  likely  to  be 
interesting  and  suggestive  to  non-members,  as  well  as  to  mem- 
bers, of  the  Institute  : 

The  great  additional  value  given  to  professional  books  by 
adequate  alphabetical  and  analytical  indexes  has  been  recog- 
nized from  the  beginning  in  the  publication  of  the  Transac- 
turns  of  the  American  Institute  of  Mining  Engineers.  The 
first  ten  volumes,  edited  by  Dr.  Thomas  M.  Drown,  the  secre- 
tary, were  provided  with  indexes,  as  well  as  tables  of  contents. 
Moreover,  he  included  in  Vol.  V.  (published  in  1877),  a  con- 
solidated index  of  Vols.  I.  to  V.,  inclusive ;  and,  at  the  time  of 
his  resignation,  in  1884,  he  had  prepared  a  similar  index  of 
Vols.  I.  to  X.,  inclusive,  which  was  published  in  the  following 
year. 

The  indexes  of  the  annual  volumes  from  Vol.  XI.  on  were 
made  much  more  extensive  than  their  predecessors.  Casual 
mentions,  as  well  as  important  discussions,  were  included ;  the 
geographical  localities  of  mines  or  works  alluded  to  in  the  text 
were  added  in  the  index ;  and  numerous  cross-references  were 
introduced,  with  the  purpose  of  making  it  easy  for  the  student 
to  discover  at  once  what  the  Transactions  contained,  either  of 
thorough  treatment  or  of  hints  and  clues  to  further  inquiry, 
concerning  any  topic,  locality,  or  person  within  their  scope. 
In  order  to  extend  the  advantages  of  this  larger  scheme  to  the 
earlier  volumes,  a  consolidated  index  of  Vols.  I.  to  XV.,  inclu- 
sive (published  in  1888),  was  prepared  by  compiling  the  several 
annual  indexes,  and  introducing  additional  items  for  those  pre- 
ceding Vol.  XI.  Vol.  XX.,  issued  in  1892,  contained  a  simi- 
lar consolidated  index  for  Vols.  XVI.  to  XX.,  inclusive ;  in 
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1897,  a  separate  index-volume,  covering  Vols.  XXL  to  XXV., 
inclusive,  was  published,  and  in  1902  appeared  another,  for 
Vols.  XXVI.  to  XXX.  These  four  indexes,  for  Vols.  L  to 
XV.,  XVI.  to  XX.,  XXI.  to  XXV.,  and  XXVI.  to  XXX.,  re- 
spectively,  bound  together  into  a  book  of  about  950  octavo 
pages,  have  constituted  for  the  last  five  years  a  consolidated 
index  to  the  TVansaciions  which  they  cover — ^with  the  single 
difference  that  the  book  had  to  be  consulted  four  times,  where 
a  single  comprehensive  index  would  require  to  be  consulted 
but  once.  This  disadvantage,  however,  was  relatively  small, 
compared  with  the  great  convenience  of  finding  by  four  trials 
in  one  book  what  would  otherwise  call  for  30  separate  searches 
in  80  books.  Moreover,  the  possession  of  the  one  might  be 
most  useful  to  a  student  who  did  not  possess  the  30,  by  indi- 
cating to  him  what  they  contained,  and  thus  enabling  him  to 
make  further  inquiry  without  fruitless  labor.  To  this  feature 
of  value  in  such  indexes,  I  shall  presently  recur. 

The  usefulness  of  the  compound  four-fold  index  referred  to, 
is  proved  by  the  fact  that  the  supply  of  copies  has  been  ex- 
hausted. In  view  of  this  foreseen  event,  it  was  decided  to  is- 
sue, instead  of  the  customary  additional  five-year  index,  a  com- 
plete consolidated  index  of  Vols.  I.  to  XXXV.,  inclusive,  which 
should  take  the  place  of  all  preceding  ones ;  and  Miss  L.  E. 
Howard,  the  accomplished  and  indefatigable  librarian  of  the 
Institute,  has  been  for  more  than  two  years  engaged,  with  com- 
petent assistance,  upon  this  laborious  task.  The  result,  em- 
bodying a  compilation  of  the  former  index  volumes  and  the 
annual  indexes  of  Vols.  XXXI.  to  XXXV.,  inclusive,  with 
numerous  corrections,  improvements  in  classification,  addi- 
tional cross-references,  etc.,  is  the  present  book,  concerning 
which  I  desire  to  offer  the  following  comments  : 

1.  That  this  Index  is  absolutely  free  from  error,  it  would  be 
ridiculous  to  assert.  The  atmosphere  of  an  office  and  library 
crowded  with  daily  visitors  and  overwhelmed  with  daily  routine 
work  does  not  permit  such  careful,  intense,  and  minute  revision 
as  technical  perfection  requires.  While  many  errors  contained 
in  our  former  indexes  have  been  detected  and  corrected  in  this 
one,  some  have  doubtless  been  brought  forward  into  it.  lu 
this  respect,  I  beg  (though  I  hope  it  is  unnecessary)  to  say,  that 
with  regard  to  this,  as  to  every  other  publication  of  the  Insti- 
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tute,  oar  rale  and  practice  is  to  be  gratefal,  not  annoyed,  when 
we  receive  notice  of  an  error,  and  to  acknowledge  and  correct, 
not  hide  or  ignore  it.  Notice  of  any  errors  discovered  in  this 
book  is  therefore  earnestly  reqaested. 

2.  It  woald  be  likewise  unwarrantable  to  claim  for  the  pres- 
ent Index  a  complete  and  consistent  logical  arrangement  In- 
deed, I  am  disposed  rather  to  assert  for  it  a  higher  merit — 
namely,  that  of  a  method  more  elastic  than  any  fixed  system. 
The  controlling  purpose  has  been  to  make  sure  that  the  reader, 
seeking  either  the  name  of  a  mine  or  process,  or  the  forgotten 
title  of  a  paper  or  its  author,  or,  on  the  other  hand,  desiring  to 
be  pat  upon  the  track  of  an  inquiry  concerning  something 
which  may  or  may  not  be  mentioned  in  the  Transactions^  and 
wishing  to  be  positively  assured  as  to  that  point,  before  look- 
ing elsewhere,  shall  be  satisfied  as  quickly  as  possible.  Hence, 
in  the  construction  of  our  index,  we  put  ourselves  in  the 
reader's  place,  and  often  introduce  a  cross-reference  not  logi- 
cally required  by  the  text,  because  it  may  help  him,  if  he  has 
forgotten  the  term  actually  employed  in  the  Transactions.  In 
short,  we  make  the  index,  not  a  mere  concordance  of  words, 
but  also  a  dictionary  of  topics  and  ideas.  And,  as  to  any  pro- 
posed cross-reference,  our  rule  is,  "  When  in  doubt,  put  it  in  !  " 
For  it  cannot  harm  anybody,  and  it  may  help  somebody. 

The  result  of  this  system,  if  system  it  can  be  fairly  called, 
has  been,  I  know,  that  many  members  of  the  Institute  have 
formed  the  habit  of  going  first  of  all  to  the  Index  of  our  Trans- 
actions^ sure  of  learning  at  once,  and  without  troublesome 
search,  whether  and  to  what  extent  these  volumes  can  aid 
them  in  any  investigation  they  are  called  to  make.  I  need  not 
emphasize  the  folly  of  publishing,  in  these  days,  books  on 
technical  subjects  without  alphabetical  indexes — a  sin  tor  which 
the  most  elaborate  table  of  contents  does  not  atone,  and  which, 
having  repeatedly  brought  its  own  punishment,  has  well  nigh 
gone  out  of  fashion,  as  unprofitable  sins  are  wont  to  do.  But 
I  may  be  permitted  to  express  my  surprise  that  so  many  editors 
and  publishers  of  books  intended  for  permanent  reference, 
having  taken  the  trouble  to  make  indexes,  do  not  take  the 
small  further  trouble  of  making  them  adequately,  abundantly 
— even  unnecessarily  and  ostentatiously — ^ftiU.  There  is  no 
better  recommendation  of  such  a  book  to  the  potential  pur- 
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chaser,  because  there  is  no  equal  guaranty  of  its  continued 
value  to  the  actual  purchaser.  Practical  men  look  to  books 
for  aid  in  the  form  of  energy  given  or  saved  to  them.  Now 
mxF  is  the  formula  for  energy ;  and  in  this  case  m  is  the  infor- 
mation wanted,  and  v  is  the  speed  with  which  it  can  be  ob- 
tained. In  other  words,  m  represents  the  value  of  the  text  of 
a  book,  and  v  the  effective  aid  furnished  by  the  index ;  so  that 
the  permanent  usefulness  of  the  book  is  represented  by  the 
text,  multiplied  by  the  square  of  the  index!  This  may  be 
questionable  mathematics,  but  it  is  unquestionable  experience, 
as  the  practice  of  nearly  half  a  century  qualifies  me  to  declare. 

8.  Comparatively  few  of  the  members  of  this  Institute 
possess  complete  sets  of  its  TVansactions.  The  number  of  such 
complete  sets  remaining  on  hand  is  very  small  indeed.  The 
volumes  have  never  been  stereotyped,  and  it  is  not  likely  that 
any  of  them  will  be  reprinted.  The  Institute  maintains,  at 
more  than  a  hundred  important  mining  centers  throughout  the 
world,  free  sets  of  its  Transdctions^  open  for  consultation  with- 
out fee,  to  all  suitable  applicants.  This  list  cannot  well  be  in- 
creased. K  this  new  consolidated  Index  of  35  volumes  would 
be  useful  only  to  those  who  possess,  or  may  hereafter  possess, 
all  of  those  volumes,  the  large  cost  of  its  preparation  and  pub- 
lication would  involve  a  most  unwarranted  and  foolish  outlay. 
I  wish,  therefore,  to  urge  upon  all  students  and  practitioners, 
whether  members  of  the  Institute  or  not,  the  following  consid- 
erations concerning  the  special  value  of  this  Index  to  those 
who  have  not  the  volumes  themselves. 

Indeed,  in  a  certain  sense,  such  an  index  is  more  useful  to 
the  non-possessor  than  to  the  possessor  of  the  books.  For  the 
latter  can,  at  the  cost  of  some  extra  labor,  find  out  what  each 
volume  contains,  whereas  the  former,  having  at  hand  neither 
books  nor  index,  is  utterly  ignorant  whether  the  Transactiims 
could  help  him  or  not.  I  often  receive  letters  from  members 
thus  situated,  inquiring  what  our  Transactions  contain  on  this 
or  that  subject;  and  while  I  do  my  best  to  satisfy  them,  I  can- 
not be  sure  that  my  hasty  search  is  complete  and  conclusive  ; 
and  I  am  obliged,  whenever  practicable,  to  refer  them  to  some 
library  containing  the  volumes,  and  bid  them  do  their  own 
hunting.  But,  on  the  contrary,  if  a  member,  finding  in  the 
Index  the  title  of  a  paper,  or  the  record  of  any  remarks,  con- 
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cerning  a  subject  in  which  he  is  interested,  writes  to  the  Sec- 
retary concerning  it,  I  can  easily,  and  always  do  gladly,  tell 
him  in  reply  what  is  the  nature,  length,  etc.,  of  the  said  pas- 
sage ;  whether  we  can  furnish  it  to  him  in  separate  pamphlet 
form,  etc. — ^these  being  particulars  which  my  clerks  can  ascer- 
tain for  me  at  once.  Moreover,  members  of  the  Institute  send 
me,  not  infrequently,  valuable  professional  papers,  in  which 
previous  contributions  to  the  Transactions,  directly  or  indi- 
rectly dealing  with  the  same  subjects,  are  ignored.  It  is  my 
theory  that  the  author  of  an  Institute  paper  should  recognize 
what  his  fellow-members  have  done  before  him  in  the  same 
line.  Of  course,  if  he  fails  to  do  this,  it  is  because  he  does  not 
possess  the  back-volumes  of  our  Transactions ,  and  is  not  ac- 
quainted with  their  contents.  It  is  the  duty  of  the  Secretary 
to  call  his  attention  to  this  omission  ;  and  the  result  is  not  only 
extra  labor  for  the  Secretary,  but  often  also  some  unnecessary 
mortification  to  the  author,  who  is  obliged  to  recast  his  paper 
in  the  light  of  the  new  information  furnished  to  him.  All  this 
would  be  avoided,  if  the  author  had  at  hand  simply  an  Index 
of  the  Transactions,  upon  the  consultation  of  which  he  could 
have  obtained  from  the  Secretary,  in  advance,  both  guidance 
and  aid. 

4.  But  there  is  another  and  more  important  reason  for  recom- 
mending to  all  mining  engineers,  metallurgists,  etc.,  whether 
members  of  the  Institute  or  not,  the  acquisition  of  this  volume. 
Namely,  the  issue  of  it  by  the  Institute  is  part  of  a  plan,  the 
full  realization  of  which  is  scarcely  yet  in  sight,  while  every 
step  towards  its  complete  accomplishment  is,  in  my  judgment, 
to  be  regarded  as  an  essential  gain. 

As  is  well-known,  the  generosity  of  Mr.  Andrew  Carnegie, 
for  many  years  a  member,  and  now  an  honorary  member,  of  this 
Institute,  has  provided  for  the  Institute,  together  with  the 
American  Society  of  Mechanical  Engineers  and  the  American 
Institute  of  Electrical  Engineers,  the  magnificent  building  in 
which  our  headquarters  are  now  permanently  located.  One  con- 
sequence of  this  arrangement  is  that  the  libraries  of  the  three  so- 
cieties are  accommodated  together  in  the  12th  and  13th  stories  of 
the  building.  These  libraries,  aggregating  more  than  50,000 
books,  pamphlets,  etc.,  comprise  perhaps  the  best  record  of 
modem  engineering  practice  in  the  departments  of  the  three 
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societies  which  can  be  found  in  the  United  States — ^for  specifi- 
cally American  practice,  perhaps  the  best  in  the  world.  At  the 
present  time,  they  are  separately  owned  and  adpiinistered  by  the 
three  societies ;  but,  so  far  as  their  use  is  concerned  they  consti- 
tute practically  one  library,  to  which  the  members  of  each  so- 
ciety, and  others  properly  introduced,  have  free  access.  We 
hope,  by  means  of  indexes  and  catalogues,  to  extend  this  ad- 
vantage to  members  at  a  distance,  who  may  thus  be  enabled  to 
consult  books  and  periodicals  by  correspondence,  to  obtain 
copies  of  text  and  drawings,  etc.  Towards  this  end,  the  issue 
of  the  present  Index  is  an  important  step. 

5.  Finally,  this  volume  has  not  been  stereotyped ;  the  edi- 
tion is  limited  to  1,600  copies ;  and  orders  received  will  be  filled 
in  succession,  according  to  their  dates,  while  the  supply  lasts. 
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LIBRARY. 

RULES. 

Ambrican  Institute  op  Electrical  Engineers. 
American  Society  op  Mechanical  Engineers. 
American  Institute  of  Mining  Engineers. 

Open  on  all  week  days  from  9  a.in.  to  5  p.m.  Only  mem- 
bers of  the  above  Societies,  and  others  duly  introduced  by  the 
Secretary  or  other  authorized  officer  of  one  of  those  Societies, 
will  be  permitted  access  to  the  alcoves  or  other  spaces  inside 
the  rail. 

For  the  protection  and  convenience  of  members,  the  follow- 
ing rules  have  been  adopted : 

The  Secretary  of  each  Society  will,  upon  application,  issue 
to  any  member  of  his  Society  in  good  standing  a  personal,  non- 
transferable card,  entitling  him  to  the  use  of  the  Libraries  in 
the  alcoves  of  the  Reading  Room. 

This  card,  as  well  as  any  card  of  introduction  given  to  a 
non-member,  must  be  signed  by  the  person  receiving  it,  and 
surrendered  at  the  desk  at  the  time  of  its  presentation.  At 
every  visit  he  must  identify  himself  by  signing  his  name  in  the 
registry. 

The  above  rules  apply  to  all  persons  except  officers  of  the 
three  Societies,  personally  known  as  such  to  the  librarians. 

The  librarians  are  not  permitted  to  lend  to  anj'^  person  any 
catalogued  pamphlet  or  volume,  unless  authorized  in  writing  so 
to  do  by  the  Secretary  or  Chairman  of  the  Library  Committee 
of  the  Society  to  which  the  pamphlet  or  volume  belongs. 

Any  person  discovering  a  mutilation  or  defect  in  any  book 
of  the  libraries  is  requested  to  report  it  to  the  librarian  on  duty. 
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It  is  the  earnest  desire  of  the  Library  Committee  to  com- 
plete the  files  of  the  more  important  serial  publications  in  the 
library  of  the  American  Institute  of  Mining  En^neers,  and 
for  the  furtherance  of  this  wish,  the  co-operation  of  members 
and  friends  of  the  Institute  is  respectfully  invited.  Early  vol- 
umes of  the  following  are  needed : 

American  Chemical  Society. 

American  Foundrymen's  Association. 

Australian  Mining:  Standard. 

Chemical  Society  of  London. 

Deutsche  Chemische  Gtesellschaft. 

The  Foundry. 

New  Zealand  Mines  Record. 

Queensland  Government  Mining  Journal. 

Ija  Bevue  Universelle  des  Mines. 

Societe  Chimique  de  Paris. 

Societe  de  Ij'Industrie  Minerale. 

Stahl  und  Eisen. 

Tonindustrie  Zeitung. 

Zeitschrift  fur  Anorgranische  Chemie. 

Zeitschrift  fur  Angewandte  Chemie. 

Complete  sets  of  the  above  publications  are  greatly  needed, 
as  none  of  them  are  duplicated  in  the  library  of  the  American 
Institute  of  Electrical  Engineers  or  that  of  the  American  So- 
ciety of  Mechanical  Engineers. 

K  any  one  can  supply  back  volumes,  please  communicate, 
stating  terms  of  offer,  to  R.  W.  Raymond,  Chairman  of  the 
Library  Committee,  29  W.  39th  St.,  New  York,  N.  Y. 

Accessions. 
From  Julj  1  to  August  31,  1907. 

H.  Altman. 

N.  Y.  Statb — Lewis  and  Clarke  Exposition  Commission. 
New  York  at  the  Lewis  and  Clarke  Exposition.     127  p. 
por.  pi.     4to.     Albany,  1906. 
Mr.  Beeler. 

Wyoming — State  Geological  Survey.     Mining  Laws  of 
Wyoming.     12mo.     Cheyenne,  1907. 
Blakiston's  Son  &  Co.,  Philadelphia,  Fa. 

Allen,  A.  H.     Commercial  Organic  Analysis.    Edition  8, 
vol.  2,  pt.  2.     8vo.     Philadelphia,  1907. 


American  Institute  of  Mining  Enqineebs.  xiii 

[Secbetaby's  Note. — The  well-known  and  highly  esteemed  treatise  of  which 
this  book  forms  a  part  comprises  eight  octayos,  which  might  be  called  volumes, 
bnt  that  the  author  employed  that  term  in  a  different  sense,  so  as  to  have  but  four 
''yolnmes,"  of  which  the  second  and  third  occupy  each  three  books,  called 
''Parts.'*  It  would  have  been  better  to  reverse  the  nomenclature,  and  treat  the 
subject  in  ''Parts,''  with  "Volumes"  as  the  subordinate  divisions.  But  that  is 
a  small  matter.  Much  more  important  is  the  circumstance  that  with  the  issue  of 
this  "Part"  the  complete  treatise  is  now  again  available  in  revised  and  modern- 
ized form. 

The  author,  an  experienced  and  distinguished  English  analyst,  contributed 
much  conscientious  and  skillful  labor  to  the  second  and  third  editions  of  his  great 
work ;  but  his  lamented  and  too  early  death  in  1904  defeated  his  hope  of  com- 
pleting the  latest  edition.  Other  parts  of  it  were  perfected  with  the  aid  of  Dr. 
Henry  Leffman  and  Prof.  J.  Merritt  Matthews,  of  Philadelphia ;  and  the  part 
here  under  notice,  upon  the  revision  of  which  Mr.  Allen  had  been  at  work  since 
1898,  has  been  finished,  in  part  by  Dr.  Leffman,  but  mainly  by  the  author's  per- 
sonal friend  and  co-worker,  Mr.  Tankard,  himself  an  expert  of  no  mean  stand- 
ing, who  has  independently  contributed  to  it  the  articles  on  the  analysis  of  caout- 
chouc, guttapercha  and  their  substitutes,  and  on  the  individual  essential  oils  aud 
the  terpeneless  oils.  The  contents  of  the  book  comprise,  of  the  aromatic  acids, 
the  sulphonated  phenols  and  their  allies ;  benzoic  and  cinnamic  acid,  with  their 
derivatives;  salicylic  acid,  the  dihydroxy-benzoic  acids,  and  gallic  acid,  with 
their  allies ;  and  the  phthalic  acids.  The  resins  and  turpentines  follow ;  and  the 
volatile  or  essential  oils  conclude  the  book.  FoUowing  these,  is  a  valuable  table 
of  all  the  better-known  essential  oils  (210  in  number),  giving,  with  regard  to 
each,  so  far  as  possible,  the  chief  sources  of  supply,  the  percentage  of  the  oil 
yielded  by  the  raw  material,  the  specific  gravity,  optical  rotation-test  and  other 
characters,  the  known  constituents  and  the  medical  or  commercial  uses.  There  is 
a  good  index  at  the  end  of  all. — B.  W.  K] 

Board  of  Bapid  Transit  Commissioners. 

N.  Y. — ^Rapid  Transit  Commission.     Report  of  the  Com- 
missioners^ 1907. 
Bennett  H.  Brough. 

Iron  and  Stbbl  Institute.     Transactions^  1869.     12mo. 
London,  1907.     (Reprint.) 
California  State  Mining  Bureau. 

California — State  Mining  Bureau.     General  Index  to 
State  Publications,      54  p.      8vo.      Sacramento,   1907. 
{BnUeiin  No.  46.) 
Connecticut  State  Library. 

Connecticut — State  Geological  and  Natural  History 
Survey.      Bibliography  of   the    Geology  of    Connecticut. 
128  p.     Svo.     Hartford,  1907.     {Bulletin  No.  8.) 
Eng^eering  and  Mining  Journal. 

Hanal,  Dr.  Rudolf.  Jahrbuch  der  Oesterreichisehen  Berg- 
und  MUttenwerke^  Maschinen-  und  Metallwarenfabriken. 
1906.    12mo.    Wien,  1906. 
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Engineering:  and  Mining  Joomal. 

The  Mineral  Industry^  1906.     Vol.  xv.     8vo.    New  York, 
1907.    Price,  $5.00. 

[Sscretaby's  Note.— I  have  reviewed  this  volume  at  considerable  length  in 
the  Engineering  and  Mining  Journal  of  August  31,  1907,  to  which  members  are  re- 
ferred for  a  more  detailed  account  and  estimate  of  it  than  can  be  given  here. 
What  I  have  room  to  say  in  this  place  hardly  needs  to  be  said  at  all ;  since  the 
unequaled  value  to  all  students  and  practitioners  of  this  annual  summary,  with 
its  recent  statistics  and  critical  surveys  of  current  technical  literature,  is  recog- 
nized throughout  the  world.  I  can  only  add  that  the  present  volume  is  fully 
equal,  and  in  some  respects  superior,  to  Vol.  XIV.  Mr.  Ingalls  and  his  staff  are 
to  be  congratulated  upon  its  early  appearance,  comprehensive  contents,  and  intel- 
ligent editing.— R  W.  R.] 

Weed,  W.  H.  The  Copper  Mines  of  the  World,  xiv, 
875  p.     8vo.    New  York,  1907. 

[Secbetasy's  Note. — ^This  book,  written  and  compiled  by  one  who  achieved 
recognition  as  one  of  the  leading  economic  geologists  of  the  United  States  Greo- 
logical  Survey,  comprises  two  parts,  the  first  of  which,  treating  of  The  Geology 
of  Copper,  discusses  the  distribution  of  coppeiHleposits,  their  mineralogical 
characters,  geological  relations,  genesis,  and  classification.  (Chapter  II.,  dealing 
with  the  production,  market  price,  cost  of  mining,  etc.,  is  included  in  this  part.) 
The  second  part  comprises  descriptions  of  the  principal  copper-mines  of  the 
world :  Europe,  Africa,  Asia,  Japan,  Australasia,  South  America,  The  West  In- 
dies and  Central  America,  Canada  and  Newfoundland,  and,  finally,  the  United 
States,  occupying  successive  chapters.  The  present  commercial  importance  of 
copper,  and  of  the  question  of  its  future  supply,  involving  the  principles  which 
may  serve  to  guide  the  prospector  in  the  search  for  new  and  productive  sources, 
amply  justifies  this  separate  work  on  that  subject,  although  neither  the  formation 
nor  the  exploration  and  exploitation  of  the  deposits  of  this  metal  are  as  yet 
known  to  be  governed  by  peculiar  laws  of  nature  or  to  require  peculiar  methods 
of  human  industry.  Mr.  Weed's  book  will  be  useful  to  those  who  wish  to  pursue 
this  subject  specially.  I  need  hardly  say  that  it  gives  evidence  of  the  author's 
intelligent  and  conscientious  ability. — R.  W.  R] 

Kentucky  Geological  Survey. 

Kentucky — Geological  Survey.  Lead-  and  Zinc-Bearing 
Rocks  of  Central  Kentucky.  8vo.  Louisville,  1905. 
{Bulletin  No.  5.) 

Chemical  Report  of  Coals,  Clays,  Mineral  Waters, 

etc.     8vo.    Louisville,  1905.     {Bulletin  No.  3.) 

Coals  of  Big  Sandy    Valley.      8vo.      Louisville, 


1907.     {Bulletin  No.  9.) 

Some  Kentucky    Clays.     Svo.     Louisville,    1906. 


{Bulletin  No.  6.) 
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Keystone  Consolidated  Publishing  Co.,  Pittsburg,  Pa. 

Coal  meld  Directory,  1907.     448  p.     8vo.    Pittsburg,  1907. 

[Sscbetabt's  Note. — The  publisherB  declare  that  this  new  edition  of  their 
Directory  has  been  thoroughly  revised  throughout,  and  that  all  its  statements  are 
based  upon  data  subsequent  to  Feb.  1,  1907.  The  book  comprises  complete  lists 
of  the  companies  operating  in  the  several  States,  and  in  Canada,  including  under 
each,  as  far  as  possible,  besides  the  address  of  the  company,  the  name  and  char^ 
acter  of  its  mines ;  the  particulars  of  its  railroad  connections ;  the  names  of  its 
general  manager,  purchasing  agent,  superintendent,  mine-foreman,  electrician, 
etc ;  the  systems  of  mining  and  haulage  employed  ;  the  equipment  of  the  power- 
plant  ;  the  number  of  coke-ovens  ;  the  number  of  workmen,  etc.  These  facts  are 
given  under  geographical  headings,  the  collieries  of  each  State  being  grouped 
together.  But  there  is  also  an  alphabetical  index  of  all  the  companies.  The 
volume  is  copiously  interleaved  with  advertisements,  of  which  it  contains  an 
alphabetical  index,  besides  a  ''Buyers'  Business  Guide."  To  those  high-toned 
critics  who  may  object  to  these  obtrusive  *' business ''  features,  two  observations 
may  be  fairly  addressed :  first,  that  without  the  revenue  derived  from  advertise- 
ments, nobody  could  afford  to  perform  the  labor  of  preparing  and  publishing  the 
valuable  information  contained  in  the  rest  of  the  book ;  and,  secondly,  that  after 
the  lapse  of  a  very  few  years,  the  advertisements  contained  in  such  a  work  will 
be  found  to  be,  for  many  purposes,  the  most  valuable  part  of  it,  since  they  will 
constitute  the  highest,  because  the  most  direct  and  unconscious,  evidence  of  exist- 
ing practice  at  the  date  of  publicatioii.  Whoever  has  had  to  deal  with  patents 
for  inventions  knows  what  such  evidence  is  worth;  and  whoever  despises  or 
destroys  it  will  either  die  young,  or  live  to  regret  his  mistake. — R.  W.  R.] 

Henry  Louis. 

Louis,  Henry.     Shaft-Sinking .    p.  131-230  il.     8vo.     t.  p. 
wanting. 

[Secretary's  Note.— This  excellent  treatise  constitutes  Section  IV.  of  a  work 
on  '*  Practical  Coal  Mining,''  now  in  progress  of  publication  by  the  Gresham  Pub- 
lishing Co.  of  London,  under  the  editorship  of  Prof.  W.  S.  Boulton,  of  University 
College,  Cardiff,  Y^ales.  Not  having  seen  other  parts  of  the  work,  I  cannot  form 
any  opinion  as  to  their  thoroughness  and  up-to-date  comprehensiveness,  which 
are,  of  course,  the  only  arguments  for  the  purchase  of  them  by  practicing  colliery- 
engineers.  But  that  cannot  prevent  me  from  expressing  my  admiration  of  Prof. 
Louis's  contribution,  received  in  separate  form  by  the  Institute  Library  from  the 
author  himself.  In  the  brief  compass  of  100  octavo  pages,  with  an  average  of  one 
well-chosen  engraving  to  the  page.  Prof.  Louis  has  succeeded  in  conveying  an 
exceedingly  dear  and  useful  summary  of  the  present  state  of  the  art  of  sinking 
shafts.  I  need  hardly  observe  that,  although  his  theme  deals  specifically  with 
oolliery-shafts,  his  treatment  of  it  fairly  covers  the  shafts  required  for  all  other 
kinds  of  mining,  or  other  subterraneous  excavation.  The  shafts  of  coal-mines  are 
nsually  sunk  through  regular  beds  of  sedimentary  rock,  and  for  purposes  of  min- 
ing, on  a  large  scale,  coal-beds  of  known  dimensions,  position  and  value.  Conse- 
quently, they  are  not  mere  works  of  exploration  or  speculation  ;  and  for  this 
reason  they  present  the  best  examples  of  pure  underground  engineering,  and  con- 
sequently the  most  instructive  models  for  mining  engineers.  Prof.  Louis  divides 
his  work  into  two  chapters,  dealing  respectively  with  * 'ordinary"  and  "  special" 
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methodB.  Under  the  first  head,,  he  discottes  the  location  of  coUieiy-ehafto ;  the 
excavation  of  material  by  pick  and  shovel,  or  by  drilling  and  blasting ;  the  sup- 
port of  the  sides  by  temporary  or  permanent  timbering  and  the  permanent  lining 
with  masonry  or  metal  (tabbing) ;  the  hoisting  of  excavated  material  during  the 
progressive  sinking ;  the  removal  of  water  by  hoisting  or  pumping ;  and  other 
features  of  the  work.  Under  the  second  head,  he  describes  the  classic  Kind- 
Chaudron  method,  with  its  modem  adaptations ;  the  methods  for  traversing 
quicksand  by  the  use  of  sheet-piling  or  fore-poling ;  caisson-sinking  of  various 
types ;  and  the  Poetsch  freezing-process,  invented  in  1883,  by  which  he  says 
about  65  shafts  have  been  sunk  during  the  last  25  years.  The  merits  and  limita- 
tions of  thb  ingenious  invention  are  set  forth  with  discriminating  justice,  the 
only  defect  which  I  notice  in  Prof.  Louis's  discussion  of  it  being  his  omission  to 
state  a  most  important  assumption — namely,  that  of  the  perfectly  quiescent  con' 
dition  of  the  water  in  the  strata  to  be  traversed  by  this  method.  If  there  is  a 
current  in  or  near  the  ground  to  be  frozen  as  a  preliminary  step  to  excavation, 
the  problem  of  the  freezing  is  radically  altered.  Finally,  Prof.  Louis  mentions 
briefly  the  new  and  highly  interesting  method  of  Beumaux,  carried  out  in  1904-5 
at  Lens,  France,  which  involves  the  solidifying  of  watery  strata  by  the  injection 
of  cement  I  should  add  that  the  brevity  of  this  and  other  portions  of  his  trea- 
tise is  atoned  for  by  references  in  footnotes,  which  will  guide  the  reader  to  more 
detailed  descriptions. — K.  W.  R] 

Pennsylvania  State  Library. 

Pennsylvania — Topographic  and  Geologic  Survey.     To- 
pographic and  Geologic  Survey  of  Pennsylvania.     308  p. 
8vo.     Harrisburg,  1906. 
Dr.  B.  W.  Raymond. 

Hammersly,  L.  R,  Publisher.     Biographical  Sketches  of 
Distinguished  Officers  of  the  Army  and  Navy.     383  p.  il. 
per.     8vo.    New  York,  1905. 
T.  A.  Riekard. 

Austin,  L.  S.    The  Metallurgy  of  the  Common  Metals.   407  p. 
8vo.     San  Francisco,  1907. 

[Secretary's  Note. — This  treatise  is  published  by  the  Mining  and  Scient^ 
Press,  of  San  Francisco,  the  new  conductor  of  which,  Mr.  T.  A.  Bickard,  seems 
to  be  continuing  the  policy  inaagurated  by  Mr.  Bothwell,  and  successfully  fol- 
lowed by  himself  as  Mr.  Both  well's  successor  in  the  conduct  of  the  Engineering 
and  Mining  Journal — namely,  the  publication  from  time  to  time  of  books  by  living 
experts,  representing  actual  present  practice,  and  more  convenient  for  the  use  of 
students  and  metallurgical  managers  than  the  scattered  contributions  contained  in 
technical  periodicals.  Mr.  Austin^s  book  belongs  to  this  class.  It  is  too  brief  to 
be  a  complete,  comprehensive  treatise ;  it  is  most  valuable  in  the  departments  of 
the  smelting  of  silver-lead-  and  copper-ores,  with  which  the  author  has  had  a 
practical  experience  of  many  years,  covering  the  period  of  the  great  modem  ad- 
vance in  methods  and  apparatus ;  it  constitutes,  in  other  branches,  an  intelligent 
summary,  coupled  with  a  praiseworthy  and  helpful  attempt  to  reduce  to  general 
principles  the  multitudinous  diversities  of  rule  and  habit,  exhibited  in  the  pro- 
duction of  the  dififerent  metals.     All  of  which  renders  it  well  worthy  the  atten- 
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tion  of  metallurgists.  That  it  has  no  alphabetical  index  is  an  awful  pity,  and  a 
serioos  defect.  The  oftener  we  consult  a  volume  so  likelj  to  be  asefnl  to  ns,  the 
oftener  we  shall  have  cause  to  lament  and  condemn  a  feature  which  renders  such 
consultation  superfluously  laborious. — ^B.  W.  B.] 

Wbathbrbeb,  D'Arcy.     Dredging  for  Gold  in  California. 
217  p.  il.     8vo.     San  Francisco,  Cal.,  1907. 

[AssiSTAirr  Secretary's  Note. — ^The  most  important  advance  in  the  art  of 
extracting  gold  from  gravels  has  been  the  development  of  the  modem  method  of 
gold-dredging  applicable  to  auriferous  ground  of  suitable  character  outside  of  the 
channels  of  existing  streams.  Therefore,  Mr.  Weatherbee*s  book,  which  is  spe- 
cially devoted  to  this  subject,  is  doubly  acceptable. 

The  work  contains  a  great  deal  of  interesting  and  valuable  information,  col- 
lected by  the  author  from  active  practice,  and  supplemented  with  notes  and  sug- 
gestions from  other. engineers  prominent  in  the  field  of  gold-dredging.  Its  value 
is  greatly  enhanced  by  nearly  a  hundred  half-tone  illustrations  taken  in  the  field, 
which  present  to  the  layman  or  student  a  dear  idea  of  the  construction  and  opera- 
tion of  a  dredge,  and  to  the  practicing  engineer  special  details  of  modem  Ameri- 
can practice.  It  is,  indeed,  refreshing  to  note  the  absence  of  the  stereotyped 
illustrations  found  in  manufacturers'  catalogues,  and  repeatedly  reproduced  by 
writers  on  gold-mining  and  allied  subjects  who  devote  the  greater  part  of  their 
energy  to  the  scissors  and  paste- pot.  Although  the  field  covered  is  limited  geo- 
graphically to  California,  much  of  the  information  given  applies  to  other  parts 
of  the  world  as  well.  The  section  devoted  to  gold-saving  appliances  is  worthy  of 
special  notice  for  its  clear  and  concise  discussion  of  that  subject.  The  book, 
though  small,  is  thoroughly  up-to-date,  and  will  prove  valuable  to  practitioner 
or  student.  It  is  impossible,  in  the  limited  space  available,  to  give  an  adequate 
review  of  the  work.  Perhaps  the  best  utilization  of  this  space  is  to  reproduce  the 
table  of  contents,  and  thus  to  show  the  manner  in  which  the  subject  has  been 
presented.  Chapter :  I.,  Introductory,  page  9 ;  11.,  Prospecting  Dredging 
Ground,  27;  III.,  Dredging  Machines,  46;  IV.,  Operation,  88;  V.,  The  Metal- 
lurgy of  Dredging,  109  ;  VI.,  Costs,  139 ;  VII.,  The  Horticultural  Question,  164 ; 
VIIL,  General,  170;  IX.,  Appendix:  Contribution  by  J.  H.  Curie,  183;  Gold 
Dredging,  Editorial,  188 ;  Sectional  Dredging  Machinery,  Editorial,  190 ;  Con- 
tribution by  G,  L.  Holmes,  192 ;  Contribution  by  C.  W.  Purington,  194 ;  Con- 
tributions by  D  Arcy  Weatherbee,  200,  206 ;  Cost  of  Dredging,  Note,  209  ;  Con- 
tribution by  C.  W.  Purington,  210  ;  Index,  215.— J.  S.] 

Secretary  of  the  American  Mining  Congress. 

American  Mining  Congrbss.     Ninth  Annual  Report  of  the 
Proceedings.     8vo.     Denver,  1907. 
D.  Van  Nostrand  Co.,  New  York. 

Walker,  S.  P.     Electricity  in  Mining,    xx,  325  p.     8vo. 
New  York,  1907.     Price,  $8.50  net 

[Secretary's  Note. — Mr.  Walker  has  had  thirty  years*  experience  in  the 
practical  application  of  electricity  to  mining  work.  Nobody  could  well  have  had 
more ;  for  that  period  covers  the  entire  history  of  the  subject.  In  fact,  as  he  re- 
marks with  justifiable  pride,  Mr.  Walker  was  one  of  its  first  and  most  ardent 


xviii      Bi-MoNTHLT  Bulletin,  No.  17,  September,  1907. 

aposUei,  M  he  can  fairly  claim  to  be  one  of  its  moet  aocompIlBhed  experts ;  and 
this  yolume  contains  the  fruit  of  his  life-work  in  the  field  he  chose  so  early.  The 
introductory  chapters,  in  which  he  states  the  underlying  principles  and  formulas, 
and  defines  the  terms,  of  electrical  science,  will  scarcely  take  the  place  of  a  more 
thorough  introdnctory  treatise.  Such  summaries  seem  to  be  regarded  as  necessary 
by  the  writers  on  technical  specialties;  but  they  are  too  brief  to  be  adequate  for 
the  instruction  of  the  wholly  ignorant  beginner.  The  real  value  of  Mr.  Walker's 
book  is  not  in  its  explanations  of  theory,  but  in  its  full  and  critical  records  of 
practice.  It  is  not  merely  a  compilation  from  the  literature  of  the  subject.  The 
author  has  his  own  opinion  about  each  proposition  or  device,  and  gives  his 
reasons  for  it ;  and  they  are  worth  considering.  The  best  idea  of  the  range  of 
the  book  will  be  gained  from  the  following  list  of  its  principal  contents,  after  the 
introduction:  Electric  Mining  Signals  and  Telephones;  Electric  Lighting  for 
Mines ;  The  Generation  of  Electricity  (water-wheels,  steam-engines  and  turbines, 
gas  and  oil-engines,  dynamos,  alternators,  transformers,  etc.);  Distribution  of 
Power  by  Electricity  (conductors,  accumulators,  switchboards,  fuses,  circuit- 
breakers,  etc.) ;  The  Application  of  Electricity  to  Driving  Machines,  etc,  in 
Mines.  A  final  chapter  on  The  Practical  Detection  of  Faults  in  Electrical  Appa- 
ratus, is  exceedingly  valuable  to  everybody.— B.  W.  B.] 

Dr.  Hermann  Wedding. 

Wedding,  Dr.  Hermann.  Msenhuttenkunde.    Vol.  4,  pt.  1. 
8vo.     Braunschweig,  1907. 
Western  Mining  Directory  Co.,  Denver,  Colo. 

International  Mining  Manual,  1907.    Vol.  15.     4to.     Den- 
ver, 1907.     Price,  $10.00. 

[Secbetabt's  Nots. — ^This  handsomely  printed  annual  catalogue  shows  from 
year  to  year  a  decided  improvement  The  present  edition  covers  the  United 
States,  Mexico  and  Canada,  of  which  it  gives  not  only  the  principal  metal-mines 
and  reduction-plants  (including,  for  the  Western  States,  Mexico  and  Canada,  the 
coal-mines) ;  hut  also  an  alphabetical  register,  containing  more  than  6,000  names 
of  consulting,  mining  and  metallurgical  engineers,  geologists,  educators,  and 
managers  of  mines,  mills  or  furnaces.  The  publishers  promise  that  they  will  ex- 
tend their  field,  next  year,  to  comprise  also  Asia,  Africa,  Australia,  Europe  and 
Central  and  South  America  !  It  is  a  large  contract ;  but  they  have  done  so  well 
thus  far  as  to  warrant  confidence  in  their  further  achievements. — R  W.  R.] 
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MEMBERSHIP. 

The  following  list  comprises  the  names  of  those  persons 
elected  as  members  or  associates,  who  accepted  election  dur- 
ing July  and  August,  1907 : 

Mbmbbrs. 

John  A.  Allen, Cleveland,  Transvaal,  So.  Af. 

James  C.  B^yle8, New  York,  N.  Y. 

Frank  H.  Bxx)wn, Salt  Lake  atj,  Utah. 

Harry  L.  Brown, Ames,  Colo. 

Frank  M.  Chambers, Columbia,  Nev. 

Flojd  £.  Cunningham, Pennington  Grap,  Ya. 

Emil  £.  Dieffenbach, Newark,  N.  J. 

Bobert  I.  Dunn, Seattle,  Wash. 

G^rge  M.  Dyott, Pittsburg,  Pa. 

George  R.  D.  Easley, Mackaj,  Idaho. 

Adrian  B.  Fatherly Chilton,  W.  Va. 

Edwin  E.  Ellis, Galena,  III. 

Norman  R.  Fisher, Haileybury,  Ontario,  Canada. 

Kenneth  L.  Gilson, Trondhjem,  Norway. 

JamesH.  Gray, New  York,  N.  Y. 

Kiohey  Hasegawa, Bisbee,  Ariz. 

Paul  L.  T.  Heroult, New  York,  N.  Y. 

Preston  K.  Homer, Ely,  Nev. 

J.  Banks  Hudson, Gadsden,  Ala. 

William  McM.  Huff, Kellogg,  Idaho. 

James  Humes, Basin,  Mont. 

John  M.  Humphrey, Centralia,  Pa. 

Charles  H.  Humphreys, Mt  Morgan,  Queensland,  Ans. 

A.  C.  de  Jongh, Nijmegen,  Holland. 

Ealph  M.  Kellogg, Searchlight,  Nev. 

Alfred  Kimber, New  York,  N.  Y. 

F.  Foster  Kip, Temoeachic,  Chihuahua,  Mex. 

Julius  Kruttschmitt,  Jr., Chicago,  111. 

Carl  O.  Lindberg, Mexico  City,  Mex. 

William  J.  Linn, Chicago,  111. 

Hans  V.  und  z.  Loewenstein, Essen-Ruhr,  Germany. 

Charles  T.  Maloolmson, Norfolk,  Ya. 

Ronald  Y.  A.  Mills, San  Pedro,  New  Mexico. 

Maxwell  C.  Milton, Bisbee,  Ariz. 

McHenry  Mosier, Bisbee,  Ariz. 

Kiutaro  Nagal, Tokio,  Japan. 

Keijiro  Nakamura, Niigun,  lyo,  Japan. 

Louis  Phillip, Rio  de  Janeiro,  Brazil,  So.  Am. 

John  N.  Reese, Harrisburg,  Pa. 
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George  £.  Rose, Chicago,  111. 

David  B.  Rusbmore, Schenectady,  N.  Y. 

Edward  F.  Schaefer, New  York,  N.  Y. 

Frederic  H.  Sexton, Halifax,  Nova  Scotia. 

Budolf  von  Seyfried, Newark,  N.  J. 

James  B.  Shaw, Mt  Morgan,  Queensland,  Aus. 

S.  F.  Shaw, Santa  Barbara,  Chihuahua,  Mex. 

Trevor  B.  Simon, Columbus,  Ohio. 

Robert  B.  Skelley, Ishpeming,  Mich. 

H.  J.  Stehli, New  York,  N.  Y. 

Paul  X.  Stoffel, Mapimi,  Durango,  Mex. 

WUliam  S.  Sultan, Globe,  Ariz. 

Henry  N.  Thomson, Anaconda,  Mont 

Paul  B.  Tracy, Bingham  Canyon,  Utah. 

Robert  Wallace, Eulalia,  Chihuahua,  Mex. 

Henry  L.  J.  Warren, Salt  Lake  City,  Utah. 

Clement  L.  Webster, Charles  City,  Iowa. 

Alf.  Welhaven, Chittabalbie,  Korea. 

ASSOGIATBS. 

William  S.  Bartlett, London,  R  C,  England. 

John  A.  Leavell, Temple,  Ariz. 

Necrology. 

The  deaths  of  the  following  members  and  associates  have 
been  reported  to  the  Secretary's  office  during  July  and  August, 
1907: 

Date  of 
Election.  Name.  Date  of  Decease. 

1898.     *Chauncey  E.  Butler, 

1883.     *GeorgeC.  Hewett, August  J  2,  1907. 

1904.  *Thoma8  E.  Johns,  .   ,    .    .  • 

1902.  **Sydney  Thow, June  24,  1907. 

1905.  ttJean  A.  Variola, July  26,  1907. 

1891.     *Jame8  W.  R.  Young, February  19,  1906. 

*  Member.  **  Life  Member.  ft  Life  Associate. 
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CANDIDATES  FOR  MEMBERSHIP. 

The  following  persons  have  been  proposed  for  election  as 
members  or  associates  of  the  Institute  during  the  period, 
July  1  to  Aug.  81,  1907.  Their  names  are  published  for  the 
information  of  members  and  associates,  from  whom  the  Com- 
mittee on  Membership  earnestly  invites  confidential  communi- 
cations, favorable  or  unfavorable,  concerning  these  candidates. 
A  sufficient  period  (varying  in  the  discretion  of  the  Committee, 
according  to  the  residence  of  the  candidate)  will  be  allowed  for 
the  reception  of  such  communications,  before  any  action  upon 
these  names  by  the  Committee.  After  the  lapse  of  this  period, 
the  Committee  will  recommend  action  by  the  Council,  which 
has  the  power  of  final  election.  The  names  of  candidates  were 
formerly  published  in  the  various  circulars  of  the  Institute, 
issued  from  time  to  time  to  the  members.  Hereafter,  they 
will  appear  regularly  in  the  Bi-Monthly  Bulletin^  each  number 
of  which  will  contain  the  names  received  since  the  issue  of  the 
preceding  Bulletin, 

Members. 

Charles  W.  Abbott, Pioche,  Nev. 

Geoige  Stitzel  Backus, Smuggler,  Colo. 

Albert  Babbitt  Bartlett, Cheyenne,  Wyo. 

Joseph  Brown, Kelly,  N.  M. 

Bobert  Alex.  Bryce, Cobalt,  Ontario,  Can. 

Lloyd  Thomas  Buell, Copperhill,  Tenn. 

Laureooe  N.  B.  Bullock, Copalia,  Sinaloa,  Mex. 

Forest  Beamer  Caldwell, Santa  Lucia,  Sinaloa,  Mex. 

John  R.  Chamberlin, New  York,  N.  Y. 

Fred  C.  Christy, Cananea,  Sonora,  Mex. 

Edward  Thomas  Corkill, Toronto,  Can. 

Frederick  G.  Crist, San  Dimas,  Durango,  Mex. 

Timothy  Irwin  Crowley, Homitos,  Cal. 

Bracey  Curtis, Nogales,  Ariz. 

A.  H.  Donnewald,     .  • Baddeck,C.  B.,  Nova  Scotia,  Can. 

Francis  Volney  Drake, Bishop,  Cal. 

Elmer  Whipple  Durfee, Bingham  Canyon,  Utah. 

Samuel  C.  Farreuf, Rosario,  Sinaloa,  Mex. 

Frederick  B.  Flinn, East  Orange,  N.  J. 

James  Adolphus  Force, Tonopah,  Nev. 

Isaac  P.  Fraizer, Coram,  Cal. 

Gay  Nichols  Freeman, Thermopolis,  Wyo. 
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Fortunato  Pereira  Gamba, Pasto,  Colombia,  S.  America. 

Herbert  William  Gartrell, Bisbee,  Ariz. 

John  Chester  Gibson, Pefion  Blanco,  Darango,  Hex. 

Charles  Edward  Gilman, San  Prancisco,  Cal. 

Clyde  T.  Griswold, Victoria  Mines,  Ontario,  Can. 

Joseph  Harold  Hedges, Guanacevi,  Darango,  Mez. 

Enoch  Henderson,    .   .    .   .   j Matchwood,  Mich. 

Herbert  T.  Herr, Duquesne,  Ariz. 

diram  W.  Hizon, *  .  Victoria  Mines,  Ontario,  Can. 

A.  C.  Horton,  Jr., .*  .   .  Grand  Bapids,  Mich. 

Henry  M.  Huxley, Worcester,  Mass. 

Clements  Frederick  Vivian  Jackson, Brisbane,  Queensland,  Australia. 

Dion  L.  Johnson, Duquesne,  Pa. 

Bethune  Glass  Klugh, SharpsylUe,  Pa. 

Cyril  Workman  Knight, Toronto,  Can. 

Frank  C  Loring, Cobalt,  Ontario,  Can. 

Duncan  Fraser  McAulay, Peak  Hill,  West  Australia. 

Bobert  S.  McGarraugh, Penos  Altos,  Chihuahua,  Mex. 

John  Walter  McKim, Salt  Lake  aty,  Utah. 

F.  Oskar  Martin, MuUan,  Idaho. 

John  A.  Mitchell, Haileybury,  Ontario,  Can. 

George  Edgar  Montandon Graneros,  Chili,.  S.  America. 

William  James  Morrison, Toronto,  Can. 

Francisco  Narvaez, Paohnca,  Hidalgo,  Mex. 

Frederick  Stanton  Pheby, Ely,  Nev. 

Cecil  Walter  Pocock, San  Pedro,  N.  M. 

Alexander  Scott  Reid, London,  England. 

Bobert  Stewart  Beid, La  Paz,  Boliyia,  S.  America. 

Alexander  J.  M.  Boss, Lead,  S.  Dak. 

Bobert  Smart, White  Horse,  Yukon,  Can. 

Morton  Stevens, Philadelphia,  Pa. 

Henry  Ashe  Tilghman, Hot  Creek,  Nev. 

Albert  Y.  Waddey, Guayaquil,  Ecuador,  S.  America. 

Julius  Herbert  Warner, Haileybury,  Ontario,  Can. 

Alois  Weiskopf, Hanover-Eleefeld,  Germany. 

W.  F.  Wheeler, Urbana,  111. 

Philip  Bobert  Whitman, Temosachic,  Chihuahua,  Mex. 

Francis  Graham  Wickware, New  York,  N.  Y. 

Associates. 

Glenn  Armour  Bickes, Houghton,  Mich. 

Alexander  Herbert  Smith, Glasgow,  Scotland. 
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CHANGE  OF  ADDRESS  OF  MEMBERS. 

The  following  changes  of  address  of  members  have  been  re- 
ceived at  the  Secretary's  office  during  the  period  of  July  1 
to  Sept  1, 1907.  This  list,  together  with  the  list  of  changes  of 
address  published  in  Bi-Mmihly  BuUetm^  No.  14,  March,  1907, 
No.  15,  May,  1907,  and  No.  16,  July,  1907,  supplements  the 
annual  list  of  members  corrected  to  Jan.  1,  1907,  and  brings 
it  up  to  the  date  of  Sept  1, 1907.  The  names  of  members 
who  have  accepted  election  during  July  and  August,  1907  (new 
members),  are  printed  in  itaUcs, 

The  large  number  of  changes  of  address  since  Jan.  1, 
1907,  shows  the  importance  of  publishing  these  changes  as 
frequently  as  possible,  and  the  Bi-Monthly  Bulletin  has  been 
selected  as  the  means  to  present  this  information  to  the  mem- 
bers of  the  Institute.  By  the  simple  method  of  cutting  out 
these  names  and  addresses  and  pasting  them  directly  over  the 
corresponding  names  in  the  annual  list  of  members,  the  record 
can  be  kept  practically  up  to  date,  and  the  value  of  the  list 
correspondingly  increased.  For  this  purpose  the  changes  of 
address  have  been  printed  only  on  one  side  of  the  page.  The 
names  of  new  members,  being  in  italics,  are  readily  distin- 
guished from  the  others,  and  can  be  pasted  in  approximate 
alphabetical  order  on  the  margins  of  the  pages. 

Adams,  Henby,  Min.  Eng.,  Oenl.  Mgr.,  Rush  Creek  Placer  Mining  Co.,  Ltd., 

Quinoey,  Placer  Co.,  Cal. 

Adams,  BAiiPH  E.,  Minas  Tecolotes  j  Anexas Santa  Barbara,  Chih.,  Mexico. 

Adabcs,  W.  Edward,  Min.  Engr.,  U.  S.  Deputy  Mineral  Surveyor, 

LewiBton,  Idaho. 
Ahi£B,  Phiupf  D.,  Supt.,  Cariboo  McKinney  Lessees, 

Camp  McKinney,  R  C,  Canada. 

Ahlis,  Bobebt  L.,  Sweet's  Steel  Co WiUiamsport,  Pa. 

Alexander,  George  E.,  Min.  and  Met.  Engr Sparta,  Ore. 

*AlUn,  John  A.,  Assayer,  Treasury  Gold  Mine,  Cleveland, 

Transvaal,  South  Africa.    '07. 

Armstbono,  Habley  J Care  Marshall  Wells  Hardware  Co.,  Portland,  Ore. 

AfiTLEY,  J.  W Victoria,  B.  C,  Canada. 

Atkik,  Austin  J.  B.,  Gt>lden  Horseshoe  Synd.,  Ltd., 

Steynsdorp  via  Oshoek  P.  O.,  Transvaal,  South  Africa. 
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Bailet,  Edward  T.,  AbbL  Mgr.,  African  Gold  Dredging  &  Mining 

Concefldons,  Ltd.,  Azim,  Gold  Goaet  Colony,  West  Africa. 

Bakbeb,  G.  M Ghinipas,  Chiboahoa,  Mexico. 

Babbous,  Pebct  E.,  Genl.  Supt,  Neyada  Copper  Mining  &  Smelting  Co., 

Montezuma  Club,  Gbldfield,  Nev. 
-fBarOett,  WUliem  &,  Secy,  to  Public  Companies, 

138  Leadenball  St,  London,  £.  C,  England.     '07. 

*Bayle8,  James  G,  Cons.  Engr. 242  W.  104th  St,  N.  Y.     '07. 

Bbale,  Addison  H Vandergrift,  Pa. 

Beatty,  a.  Chesteb 71  Broadway,  New  York,  N.  Y. 

BelIiAm,  Henry  L Reno,  Nev. 

Bellinoer,  Hermann  C,  Bingham  Cons.  Mining  &  Smelting  Co., 

700  McComick  Bldg.,  Salt  Lake  City,  Utah. 

Benton,  C.  W. 2436  Ogden  St,  Denver,  Col. 

Blakemore,  George  H.,  Great  Cobar,  Ltd., 

GenL  Mgr.'s  Office,  Lithgow,  N.  S.  W.,  Australia. 

BoscHEN,  WiluamC 1  W.  89th  St,  New  York,  N.Y. 

Bradley,  Frederick  W Crocker  Bldg.,  San  Francisco,  Cal. 

Braschi,  Victor  M.,  Engr.  and  Contractor,  Calle  de  Cadena  No.  2, 

Mexico  City,  Mexico. 
Brooks,  John  McM.,  Jr.,  Care  Cia  Metalurgica  y  Befinadora 

del  Pacifico,  S.  A.,  Fundicion,  Sonora,  Mexico. 
*Bro%D7i,  Frank  Harold,  Mining,  Newhouse  Mines  and  Smelters, 

Salt  Lake  Qty,  Utah.     '07. 
*Brcwfi,  Hairy  X.,  Mine  Supt,  Morning  Star  Mining  Co.,  Ames  P.  O.,  Colo.  '07. 

Burch,  Albert,  Min.  Engr Crocker  Bldg.,  San  Francisco,  Cal. 

Bvrrall,  Frederick  P.,  Genl.  Supt,  Daly-Judge  Mine Park  City,  Utah. 

Carpenter,  Axvin  B.,  Min.  Engr 535  Bose  Ayenue,  Hollywood,  Cal. 

*ChamberSj  Frank  3f.,  Supt,  Columbia  Sampler,  Western  Ore  Purchasing  Co., 

Columbia,  Nev.    '07. 

Church,  John  L.,  Min.  Engr 416  Lyceum  Bldg.,  Duluth,  Minn. 

Cleland,  E.  Davenport,  Care  Secretary  Chamber  of  Mines, 

Eagan  St.,  Ealgoorlie,  Western  Australia. 

Cook,  Edward  H.,  Cons.  Min.  Engr P.  O.  Box  787,  Tucson,  Ariz. 

Cox,  Thomas,  Cerro  de  Pasco  Mining  Co.,  Casilla,  989,  Lima,  Peru,  So.  America. 

♦OoMwft,  Ba/ymondB,,  Min.  Engr. Carson  City,  Nev.    '07. 

CuMMiNQS,  Wii^LiAM  N Care  E.  Bandolph,  Tucson,  Ariz. 

*Ounninghamf  Floyd  E.,  Min.  Engr Pennington  Gap,  Ya.     '07. 

*0usaon8,  Jack^  Asst.  Mgr.,  Arminius  Chemical  Co.,  Lie Mineral,  Ya.     '07. 

Davis,  F.  Harley,  Mgr.,  Davis  Drilling  &  Prospecting  Co., 

5  Watts  Bldg.,  Birmingham,  Ala. 
Debenham,  Arthur  J.,  Asst  Engr.,  Pioneer  Tin  Mining  Co., 

Bradshaw's  Creek,  Tasmania. 

DeKaxb,  Courtenay 406  Wilcox  Bldg.,  Los  Angeles,  Cal. 

Delano,  F.  A,  Prest,Wabash  Railroad  Co.,  Western  Union  Bldg.,  Chicago,  111. 

Dempster,  William 1  Kings  Park  Ave.,  Mount  Florida,  Glasgow,  Scotland. 

Denny,  Harry  S...704  Salisbury  House,  London  Wall,  London,  E.  C,  England. 

Deyereuz,  Waxter  B 16  William  St,  New  York,  N.  Y. 

*Di^enbaehj  Emit  K,  Met 46  Hedden  Terrace,  Newark,  N.  J.    '07. 

DiooLEB,  Jabies  A,  Broken  Hill  South  Blocks,  Ltd., 

Broken  Hill,  N.S.  W.,  Australia. 
DiGOLEs,  Robert  N Burlingame,  San  Mateo  Co.,  Cal. 
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DuTFiELD,  Will  W Soath  Yannoath,  Mass. 

*Dunn,  Bobert  L,  Min.  Eng.,  Boom  21,  77  WashiDgton  St,  Seattle,  Wash.    '07, 

DuRAKT,  Hekbt  T Instructed  to  hold  all  mail. 

*Dyotty  Qwrge  3f.,  Elec  Engr 6734  Thomas  St,  E.  K  Pittsburg,  Pa.     '07. 

Eads,  Nobbib  R 3618  South  Flower  St,  Los  Angeles,  Gal. 

*E(uiey,  George  R.  D.,  Sampler  and  Assayer Mackay,  Idaho.     '07. 

Easton,  HakbtD.,  State  GoUege  of  Kentucky Lexington,  Ky. 

*Eaiheriy,  Adrian  D.,  Coal  Mine  Sapt,  and  Engr.,  Oare  Black  Band  Coal 

&  Coke  Co.,  Chilton,  W.  Va.     '07. 

Ebebhabdt,  William  G Bidgefield  Park,  N.  J. 

Ede,  J.  A La  Salle,  111. 

EDM0KD60N,  HoBACE  W Instructed  to  hold  all  mail. 

*ElHs,  Edwin K.Uin.  Geol Galena,  IlL     '07. 

FALKMA27,  OscAB Nybrogatau  23,  Stockholm,  Sweden. 

Fay,  Albebt  H Care  John  T.  Williams  A  Son,  Bristol,  Tenn. 

Febnow,  B.E.,  Dean,  Faculty  of  Forestry,  University  of  Toronto, 

Toronto,  Ont.,  CEmada. 
FEuamcAN,  Leon  P.,  Vice-Prest,  International  Steam  Pump  Works, 

114-118  Liberty  St,  New  York,  N.  Y. 

♦JVsAer,  Norman  J2.,  Cons.  Engr Haileybury,  Ont.,  Canada.    '07. 

FOBSYTH,  Alezandeb. Manhattan,  Nev. 

Fbaseb,  Colin Geological  Survey  Dept,  Wellington,  New  Zndand. 

Fbazieb,  William  T Western  Zinc  Co.,  Orange,  Cal. 

Geisendobfeb,  Henby  a Hillside,  Copper  Creek,  Ariz. 

*OiUony  Kenneth  X.,  Mgr.,  Arctic  Coal  Co Trondhjem,  Norway.     '07. 

Glenn,  Wilmeb  D 601  North  Pearl  St,  Joplin,  Mo. 

GooDBiCH,  R.  R Columbus  Borax  Co.,  Lebec,  Kern  Co.,  CaL 

Gbaham,  Stanley  N.,  Supt,  Mina  El  Favor,  Hoetotipaquillo,  Jalisco,  Mexico. 
*Groy,  James  JJ.,  Met  Engr.,  Room  1503,  71  Broadway,  New  York,  N.  Y.  '07. 
Gbeene,  F.  v.,  Vice-Prest,  Ontario  Power  Co.  of  Niagara  Falls, 

FideUty  Bldg.,  Buffalo,  N.  Y. 

Gbeoson,  William  H Care  The  Coniages  Mines,  Ltd.,  Cobalt,  Ont,  Canada. 

Gbiffin,  Fitz  Roy  N.,  Care  Cia  de  Real  del  Monte  y  Pachuca, 

Real  del  Monte,  Pachuca,  Hidalgo,  Mexico. 

Gbiffin,  Matjbice  R 741  Monadnock  Bldg.,  San  Francisco,  Cal. 

Hale,  William  H East  Helena,  Mont 

Hamilton,  Alexakdeb. 504  Herman  W.  Hellman  Bldg.,  Los  AnReles,  Cal. 

Habtbick,  J.  S.,  Care  George  Hartrick,  168  Subiaco  Road, 

Siibiaco,  Perth,  West  Australia. 
*Ha9egauxLf  Kioheyy  Min.  Engr.,  Copper  Queen  Consolidated  Mining  Co., 

Bisbee,  Ariz.     '07. 
*Heroult,  Paul  L,  T.,  Engr.,  The  Ansonia,  73d  Street  and  Broadway, 

NewYork,  N.  Y.     '07. 

Hewitt,  Eabl  E.,  Min.  Engr De  Lancey,  Jefferson  Co.,  Pa. 

Hibbebt,  EBNE9T...Tenuta  Etruscan  Mines,  Campigla  Marittima  Tuscany,  Italy. 

Holbbook,  Chableb  T Banford,  Florida. 

Holt,  Fbedk.  T 334  Rosedale  Ave.,  Westchester,  N.  Y. 

Hopkins,  Edwabd Apartado  174,  San  Luis  Potosi,  Mexico. 

*Homer,  Preston  JT.,  Min.  Engr Ely,  Nev.    '07. 

HowABD,  J.  Ashley Baker  City,  Ore. 

HowABD,  WiLBUB  H.,  American  Smelting  &  Refining  Co.,  Salt  Lake  City,  Utah. 
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HxTseoN,  AiAEBT  H.,  Hotel  Manitou,  123  East  3d  South  St.,  Salt  Lake  aty.Utah 

'JETicdson,  X  Banks,  GenL  Supt Blast  Furnaces,  Gkulsden,  Ala.     '07. 

*Hufff  WiUiamMcM,,  Assayer Kellogg,  Idaho.    '07. 

*Hume$,  Jamesy  Mine  Supt Basin,  Mont.    '07. 

*Evmphrey,  JohnM.,  BIy.  Supt,  Lehigh  Valley  Goal  Co., 

Centndia,  Columbia  Co.,  Pa.    '07. 

*Humphrey8,  Charles  ff,j  Met Mount  Morgan,  Queensland,  Australia.     '07. 

Hutchinson,  Joseph  H...110  W.  Ramsey  St,  or  P.  O.  Box  578,  Goldfield,  Nev. 
Htdeb,  Chabxjes  a..  Care  Hyder  &  Hyder,  Mining  Engineers, 

Moctezuma,  Sonora,  Mexico. 

Jabvis,  Royal  P.,  Prof,  of  Mining 800  N.  3d  Ave.,  Knoxville,  Tenn. 

Johnston,  J.  Howabb,  Care  Moigan,  Haijes  &  Co., 

31  Boulevard  Haussmann,  Paris,  France. 

JoNEB,  Chabusb  C 301  Henne  Bldg.,  Los  Angeles,  Cal. 

*de  Jonghf  A.  C,  Min.  Engr.  for  the  Dutch  Colonial  Gt>vemment, 

39  Rosendaelstrasse,  Nymegen,  Holland.     '07. 

Kaeding,  Henby  B 1421  Winfield  St.,  Los  Angeles,  Cal. 

Kbtth,  Nathaniel  S 360  Bullitt  Bldg.,  Philadelphia,  Pa. 

KkTiLkb,  Abthub  H.,  Min  Engr LouiserStr.  24  II,  Munich,  Germany. 

Kellkb,  F.  H Omak,  Wash. 

*Kellogg,  Ralph  M,,  Mine  Supt Searchlight,  Nev.    '07. 

Keyes,  ChablebR 944  Fifth  St,  Des  Moines,  la. 

Kiddie,  Thomas,  Mgr.,  The  Alaska  Smelting  &  Refining  Co., 

Hadley,  Prince  of  Wales  Island,  Southeast  Alaska. 
EiDWELL,  Edoab,  Genl.  Mgr.,  Hammel  Oil  Burner  Co., 

3002  Hobart  Blvd.,  Los  Angeles,  Cal. 
*Kimber,  Alfred,  Civ.  and  Min.  Engr.,  Care  Ladenburg,  Thalmann  &  Co., 

25  Broad  St,  New  York,  N.  Y.     '07. 
*Kip,  F.  Foster,  Min.  Engr.,  Greene  Gold-Silver  Co., 

Temosachic,  Chihuahua,  Mexico.    '07. 

Klepetko,  Fbank 90  West  St,  New  York,  N.  Y. 

KiJNE,  Ralph  C Care  Fianza  Mining  Co.,  Guanacevl,  Burango,  Mexico. 

*KrtUUchnia,  Julius,  Jr,,  Min.  Engr 49  Bellevue  Place,  Chicago,  111.     '07. 

Lack,  Fbank  S 518  StimsonBldg.,  Los  Angeles,  Cal. 

Lamb,  R  B Kendall,  Mont 

Lano,  J.  G Beechwood,  Crieff,  N.  B.,  Scotland. 

Lawn,  James  G.,  Head  of  Mining  Dept,  Camborne  School  of  Mines, 

Camborne,  England. 

Lawbence,  Chables  E Iron  Mountain,  Mich. 

Lawbie,  Habold  N White  Salmon,  Wash. 

•fLeavell,  John  A.,  Senior  Student,  Care  Charles  M.  Campbell, 

Temple,  Texas.    '07. 
Lee,  Richabd  H.,  Supt  of  Blast  Furnaces,  The  Pennsylvania  Steel  Co., 

Lebanon,  Pa. 

Lbogett,  Thomas  H Care  Smith  &  Perkins,  15  Broad  St,  New  York,  N.  Y. 

Levenbaleb,  Lewis  A Valdez,  Alaska. 

Lewis,  J.  Volney,  Care  Washington  &  Lewis,  Cons.  Geologists  to  Min.  Engrs. 

95  Liberty  St,  New  York,  N.  Y. 
*Lindberg,  Carl  0.,  Min.  Engr.,  Care  Carpenter  &  Brennon, 

519  La  Mutua,  Mexico  City,  Mexico.     '07. 

*Linn,  WiUiam  J,  Mining 2629  Michigan  Ave.,  Chicago,  IlL     '07. 

LiviNOSTONE,  Chables  H Selby  Smelting  &  Lead  Co.,  Selby,  Cal. 
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LoMGAGSE,  OBiiEAxrs Prescott,  Yavapai  Co.,  Ariz. 

^LawetuUiny  Mont  von  und  «t^  Mgr.  of  the  Dortmund  Mining  Association, 

2  Friedrichstrasse,  Eflsen-Buhr,  Germany.     '07. 

Lydsgkeb,  Ibvino  S R  F.  D.  No.  5,  New  Brunswick,  N.  J. 

McCAUSTUUn),  Elmeb  J.,  Prof,  of  Mining  Engineering, 

Universitj  of  Alabama,  Tuscaloosa,  Ala. 
McKat,  Hood,  Supt,  Eastern  Division, 

Lehigh  Coal  &  Navigation  Co.,  Lansford,  Pa. 

MacDonau),  Jbbbe  J Tucson,  Ariz. 

Magkat,  Henbt  S 408  Merchants  Exchange,  San  Francisco,  Cal. 

MacPhebran,  B.  S., Care  J.  L  Case  Threshing  Machine  Co.,  Bacine,  Wis. 

*M<Ucolimaony  Charles  T.,  Engr.  in  charge  Briquetting  Div.,  Government 

Coal  Testing  Plant,  Jamestown  Exposition,  Norfolk,  Va.    '07. 

Maynard,  Bea  E Boom  1409,  Chronicle  Bldg.,  San  Francisco,  Cal. 

Mbtcalf,  William 5821  Wilkins  Ave.,  Pittsburg,  Pa. 

♦Jtfttfe,  lUmaU  V.  A.,  Min.  Engr San  Pedro,  New  Mexico.     '07. 

♦JtfiWton,  MaxweU  C,  Min.  Engr Bisbee,  Ariz.     '07. 

MmNSKiJ,  AusxANDEB  N 47  Kiotschuaya,  St.  Petenfburg,  Bussia. 

MoNKLL,  Joseph  T.,  Cons.  Engr 8454  Hallidaj  Ave.,  St.  Louis,  Mo. 

*Moore,  Boy  TT.,  Min.  Engr Tucson,  Ariz.     '07. 

MoBTON,  EbleD. Box  233,  Hollywood,  Cal. 

MouLTON,  Hebbebt  G.,  Min.  Engr.,  Cobalt  Central  Mine, 

Cobalt,   Ontario,  Canada. 

*Mosiery  MeHenry,  Min.  Engr Box  372,  Bisbee,  Ariz.     '07. 
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Blow-Holes  in  Steel  Ingots. 

BT  £.  VON  MALTITZ,   METALLURGICAL  ENGINEER,  SOUTH  CHICAGO,  ILL. 
(Toronto  Meeting,  July,  1907.) 

In  his  highly  interesting  paper  on  "  Piping  and  Segregation 
in  Steel  Ingots/'  ^  Prof.  Howe  emphasizes  the  effect  of  succes- 
sive phases  of  internal  pressure  in  the  ingot  in  the  evolution 
of  gas,  and  the  consequent  formation  of  blow-holes.  From  his 
statements  in  other  places,  it  may  be  inferred  that  he  does  not 
here  intend  to  ignore  the  other  variable  factor,  temperature, 
but  rather  to  discuss  this  one  more  particularly.  At  all  events, 
it  is  my  purpose  not  to  engage  in  controversy  with  Prof.  Howe, 
but  rather  to  contribute,  towards  the  complete  elucidation  of 
this  important  subject  which  we  all  desire,  my  own  views  and 
experience.  K,  in  doing  so,  I  specially  emphasize  other  factors 
than  pressure,  I  need  not  be  understood  as  denying  what  I  do 
not  think  it  necessary  to  discuss  fully.  Nor,  in  presenting  my 
own  original  conclusions,  need  I  be  understood  as  claiming 
to  be  the  first  who  ever  reached  or  announced  them.  Many 
things  are  asserted  or  suggested  upon  inconclusive  evidence ; 
and  to  confirm  such  tentative  propositions  may  be  as  valuable 
a  service  as  to  overthrow  them. 

In  the  following  passage.  Prof.  Howe  adduces  analogies, 
based  upon  the  behavior  of  charcoal  and  of  water,  respectively, 
which  seem  to  me  questionable : 

'*  In  general,  the  solvent  power  falls  as  the  pressure  falls ;  and  in  general  it 
rises  as  the  temperature  falls.  Thus,  to  heat  a  solid,  for  instance  charcoal,  may 
expel  part  of  its  dissolved  gas ;  and  a  tumbler  of  water  drawn  cold  from  the  faucet 
gradually  evolves  gas,  as  it  stands  and  warms  up  on  the  sideboard."     (p.  238. ) 

Charcoal  is  a  solid  body,  which  has  the  property  not  only  of 
absorbing  gases  in  large  quantities,  but  also  of  expelling  the 
thus  absorbed  gases  upon  heating.  A  comparison  between 
charcoal  and  iron  as  to  the  absorption  of  gases  is  scientifically 
not  possible ;    the  gas-content  of  charcoal  is  partly  due  to  the 

1  Bi-M(mthly  BuUeUn,  No.  U,  March,  1907,  pp.  169-274. 
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incomplete  decomposition  of  the  wood,  partly  to  the  extremely 
great  porosity  of  the  charcoal,  which  gives  a  very  large  sur- 
face. This  surface  attracts  certain  gases,  and  favors  formation 
of  new  gases  in  the  cold  by  the  contact  with  the  oxygen  and 
moisture  of  the  atmosphere.'  To  arrive  at  a  right  comparison 
we  must  take  solid  iron  and  see  if  this  body  is  able  to  take  up 
gases  and  to  set  them  free  again  with  changing  temperature. 

I.  Does  Solid  Iron  Absorb  and  Release  Gases  with 
Changing  Temperature  ? 

Graham  (1866) '  found  that  iron  together  with  other  metals 
has  the  property  of  absorbing  hydrogen ;  Parry,  Troost  and 
Hautefeuille  verified  this  discovery.  The  latter  experimenters 
heated  pieces  of  solid  iron,  of  500  g.  each,  up  to  800°  C. 
in  an  atmosphere  of  hydrogen  apd  of  carbon  monoxide,  re- 
spectively. They  found  that  the  iron  at  this  temperature  was 
able  to  absorb  three  times  as  much  hydrogen  as  carbon  monox- 
ide ;  these  gases  were  again  given  off  in  vacuo.  This  points  to 
the  fact  that  solid  iron  is  able  to  absorb  gases  upon  heating. 
A.  Ledebur*  found  that  steel  became  very  brittle,  when  pickled 
in  dilute  sulphuric  acid  or  hydrochloric  acid.  An  analysis 
of  such  steel  showed  that  it  had  taken  up  0.002  per  cent,  of 
hydrogen.  Johnson,*  Hughes,'  and  Baedecker,'  experiment- 
ing along  the  same  line,  came  to  the  same  conclusions.  H. 
von  Jiiptner*  found  that  hydrogen  is  able  to  diffuse  through 
sheet  iron,  when  corroded  by  dilute  sulphuric  acid  or  hydro- 
chloric acid,  and  produces  large  bubbles  in  defective  places,  in 
which  bubbles  the  gas  is  contained  under  considerable  pres- 
sure. Roberts- Austen "  found  that  pure  iron,  obtained  by 
electrolytic  precipitation  from  a  chemically  pure  solution  of 
ferric  chloride,  gave  up  large  quantities  of  hydrogen,  when 
heated  in  water  up  to  70®  C,  and  that  it  continued  to  do  so, 

*  Poggendatfs  Anwden,  vol.  cix.,  p.  353  (1860). 
3  Qroham,  CoUeded  PFbrfo,  p.  279. 

*  Stahl  und  Eimi,  vol.  Til.,  p.  681  (1887) ;  toI.  ix.,  p.  745  (1889). 

*  Proceedings  of  the  Boyal  Society,  vol.  xxiii.,  p.  168  (1875). 

*  Journal  cfihit  Society  of  Telegraph  Engineers,  vol.  iz.,  p.  163  (1880). 
^  ZeUackrift  dee  Vereinee  deiUcher  Ingenieure,  vol.  zxxiL,  p.  186  (1888). 
^  H.  V.  Juptner,  Siderologyf  vol.  i.,  p.  285. 

^  Proceedings  of  the  Institution  of  Mechanical  Engineers,  1891 ,  p.  543.     Report  to 
the  Alloys  Research  Committee. 
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when  heated  in  vacuo  in  a  porcelain  tube,  ap  to  1,800^  C,  at 
which  temperature  the  liberation  of  hydrogen  became  a  mini- 
mum. Repeated  heating  of  the  same  iron  up  to  1,800^  C.  de- 
prived it  of  all  its  hydrogen;  it  could,  however,  be  loaded 
again  with  hydrogen,  when  the  iron  was  hung  as  the  negative 
electrode  in  diluted  acid.  All  these  investigations  point  out 
that  iron  is  able  to  absorb  hydrogen  at  low  temperature,  and 
that  its  maximum  solvent  power  for  this  gas  must  be  close  to 
70°  C. 

E.  Heyn  ^^  heated  soft  steel  in  an  atmosphere  of  hydrogen  up 
to  1,000®  C.  In  order  to  keep  the  hydrogen  in  the  steel  he 
quenched  the  test  in  cold  water,  and  found  that  it  exhibited 
great  brittleness,  decidedly  more  than  similar  steel  when 
heated  up  to  1,000°  C.  in  air  and  then  quenched  in  cold  water. 
Analyzing  the  steel,  he  found  that  it  contained  0.00019  per 
cent,  hydrogen.  After  heating  the  steel  in  hydrogen  up  to 
1,000°  C.  he  cooled  it  down  slowly  in  air.  When  this  cooling 
was  continued  until  the  temperature  of  the  steel  was  below 
780°  C.  any  noticeable  effect  on  the  steel  by  this  treatment 
could  not  be  detected* 

From  this  it  follows,  that  iron  (and  steel)  must  absorb  hy- 
drogen at  temperatures  between  780°  and  1,000°  C,  and 
further,  that  iron  (and  steel)  must  experience  a  decrease  in  its 
solvent  power  for  hydrogen,  when  cooling  below  780°  C,  or, 
in  other  words,  the  metal  must  liberate  hydrogen  when  VjooI- 
ing  below  780°  C. 

From  these  investigations  we  arrive  at  the  following  con- 
clusions : 

{a)  Solid  iron  (and  steel)  has  two  maxima  in  its  solvent 
power  for  hydrogen;  one  at  about  70°  C.  and  another  between 
730°  and  1,000°  C. 

{b)  Solid  iron  (and  steel)  gives  off  hydrogen,  absorbed  at  a 
temperature  above  780°  C,  when  cooling  below  this  tempera- 
ture. 

(e)  Solid  iron  (and  steel)  gives  off  hydrogen  and  other  gases 
upon  heating. 

Water,  which  furnishes  the  second  analogy,  is  a  liquid  body, 
and  should  therefore  be  compared  with  liquid  bodies  only — 
in  this  case  with  molten  steel.     We  know  that  water  sets  free 

10  SUjM  wnd  EiMen,  vol.  xx.,  p.  36  (1900). 
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occladed  gases  upon  heating,  and  that  continued  boiling  will 
drive  out  all  the  air  contained  in  it.  On  the  other  hand,  how- 
ever, we  know,  also,  that  water  sets  free  occluded  gases  upon 
freezing,  and  that  these  gases,  when  they  cannot  escape,  form 
blow-holes  in  the  block  of  ice.  Water,  made  gas-free  by  con- 
tinued boiling,  will  freeze  without  blow-holes ;  but  if  we  blow 
air  through  such  gas-free  water,  as  it  approaches  the  freez- 
ing-point, the  ice,  when  formed,  will  have  blow-holes. 

The  liquid  water  has  therefore  two  points  of  minimum  sol- 
vent power  for  gases,  the  freezing-  and  the  boiling-point. 
Between  these  two  minima,  there  must  naturally  lie  a  maximum 
of  this  solvent  power — at  what  temperature  I  am  unable  to 
say.  But  it  suffices  for  our  purpose  that  water,  when  fluid,  is 
able  to  absorb  gases. 

n.  Is  Molten  Steel  Able  to  Absorb  Gases? 

We  know  that  steel,  when  freezing,  evolves  gases  and  form^ 
blow-holes,  exactly  like  freezing  water.  And,  like  wat^r,  the 
steel  must  have  had,  at  some  point  during  the  time  it  was  in 
the  molten  state,  the  capacity  to  absorb  gases  in  such  amount 
that,  upon  freezing,  it  is  unable  to  keep  them  in  bond,  and 
therefore  sets  them  free.  In  other  words,  solid  steel  cannot 
contain  as  much  occluded  gas  as  molten  steel.  When  we 
melt  this  solid  steel  in  the  open-hearth  furnace,  it  must  at 
some  temperature  acquire  a  decidedly  greater  solvent  power  for 
gases ;  otherwise,  no  blow-holes  would  be  formed. 

If  water  is  able  to  absorb  gases  at  a  certain  temperature, 
which  is  above  its  freezing-point,  why  may  not  steel  do  the 
same  with  regard  to  hydrogen  and  nitrogen  ? 

Are  we  not  forced  to  accept  a  third  maximum  in  the  solvent 
power  of  steel  for  gases,  which  lies  away  above  1,000®  C,  in 
fact,  at  a  considerable  distance  from  the  melting-point  ? 

Heating  to  still  higher  temperatures  must  decrease  the  sol- 
vent power  for  gases  rapidly  again,  for  we  know  that  steel, 
poured  extremely  hot  (and  without  overoxidation),  will  give 
perfectly  solid  ingots  and  castings. 

To  compare  water  once  more  with  molten  steel,  we  find  that 
a  solid  block  of  ice  or  steel,  containing  a  minimum  of  gases  in 
the  form  of  blow-holes,  will,  as  it  is  melting  and  being  subjected 
to  a  continuous  rising  temperature,  approach  a  maximum  in  its 
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solvent  power  for  gases,  and  after  having  passed  this  maximum 
will,  upon  further  heating,  experience  a  rapid  decrease  in  its 
solvent  power. 

If  we  accept  the  theory  that  increasing  temperature  lowers 
the  solvent  power  of  molten  steel  for  gases,  why  is  it  that  the 
steel  does  not  lose  all  its  gases  in  the  furnace,  where  it  is  at  its 
highest  temperature  ?  And  if,  with  decreasing  pressure,  the 
solvent  power  also  falls,  why  are  not  the  gases  driven  out  in 
the  furnace,  where  there  is  a  slight  pressure  at  the  incoming 
side  for  gas  and  air,  but  a  relative  depression  at  the  outgoing 
side,  due  to  the  draft?  Each  reversal  of  the  gas  and  air  puts 
more  than  50  per  cent,  of  the  bath  under  lower  pressure,  and 
its  solvent  power  should  fall  with  that  decrease.  The  oppor- 
tunity to  give  off  gases  would  certainly  be  splendid  here,  on  ac- 
count of  both  higher  temperature  and  lower  pressure.  But 
does  the  steel  show  such  action  ?  Why  does  it  wait  with  the 
liberation  of  the  occluded  gases  until  it  is  poured  into  the 
molds  ?  Are  we  not  justified  in  looking  for  other  reasons  for 
the  formation  of  blow-holes  in  steel  ingots  than  those  given  by 
Prof.  Howe  ?  To  arrive  at  the  right  conclusions,  it  is  neces- 
sary to  first  study  the  nature  of  the  gases,  which  are  found 
in  blow-holes,  and  then  to  ask  if  these  gases,  which  are  found 
in  these  cavities,  are  alone  responsible  for  their  formation — in 
other  words :  if  the  blow-holes  are  formed  solely  by  those  gases 
found  inclosed  in  them,  without  the  interference  of  a  third  gas. 

in.  What  is  the  Nature  of  the  Gases  Found  in 
Blow-Holes  ? 
The  classical  investigations  of  Dr.  F.  C.  Miiller,  Messrs. 
Stead  and  Richards,  and  others,  on  the  gases  contained  in 
blow-holes  of  steel  ingots,  have  shown  that  these  gases  consist 
chiefly  of  hydrogen  and  nitrogen.  A  little  carbon  monoxide 
was  found  in  a  few  instances,  but  always  in  too  small  a  per- 
centage to  make  it  one  of  the  chief  constituents. 

For  illustration  I  give  a  few  analyses  of  blow-hole  gases : 
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Table  I. — Analyses  of  Blow-Hole  Gases.     Taken  from  Stahl 
und  Eisen  for  1882  and  1888. 


Volame 

Composition  of  Collected  Oases. 

No. 

of  Oases. 

H,. 

N,. 

CO. 

Authority. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

1 

16.5 

68.8 

30.5 

0.0 

Dr. 

F. 

C.  Muller. 

2 

51.0 

78.1 

20.7 

0.9 

Dr. 

F. 

C  Muller. 

3 

17.0 

92.4 

5.9 

1.4 

Dr. 

F. 

C.  Muller. 

4 

36.0 

85.4 

14.3 

0.6 

Dr. 

F. 

C.  Muller. 

5 

20.0 

64.5 

35.4 

0.0 

Dr. 

F. 

C.  Muller. 

6 

22.0 

86.4 

12.7 

0.4 

Dr. 

F. 

a  MuUer. 

7 

6.0 

54.7 

45.3 

0.0 

Dr. 

F. 

C.  Muller. 

8 

48.0 

90.0 

9.7 

0.0 

Dr. 

F. 

C.  Muller. 

9 

45.0 

77.0 

23.0 

0.0 

Dr. 

F. 

C.  MiiUer. 

10 

29.0 

76.7 

26.3 

0.0 

Dr. 

F. 

C.  Muller. 

11 

21.0 

81.9 

18.1 

0.0 

Dr. 

F. 

C.  Muller. 

12 

25.0 

67.0 

30.8 

2.2 

Dr. 

F. 

a  Muller. 

13 

6.00 

88.8 

10.5 

0.7 

Dr. 

F. 

C.  Muller. 

14 

44.0 

80.0 

17.9 

1.3 

Dr. 

F. 

C.  Muller. 

16 

21.0 

67.1 

33.3 

1.6 

Stead  and  Richards. 

16 

1100.0 

88.7 

10.3 

0.0 

Stead  and  Richards. 

1.  Soft  Bessemer  steel  with  few  blow-holes ;  2.  Rail  steel, 
many  blow-holes ;  8.  Rail  steel,  no  blow-holes ;  4,  Soft  Besse- 
mer steel,  many  blow-holes ;  5.  The  same,  few  blow-holes ;  6. 
The  same,  few  blow-holes;  7.  The  same,  very  few  blow-holes; 
8.  Bessemer  rail-steel ;  9.  The  same;  10.  The  same;  11.  Besse- 
mer spring  steel,  few  blow-holes ;  12.  Open-hearth  steel,  be- 
fore addition  of  spiegeleisen ;  13.  Bessemer  steel,  before  add- 
ing spiegeleisen ;  14.  The  same;  15.  Dense  steel,  drilled  with 
sharp  drill ;  16.  The  same,  drilled  with  blunt  drill. 

These  analyses  show  that  liberated  hydrogen  and  nitrogen, 
especially  hydrogen,  evolved  by  the  solidifying  steel,  accumu- 
late in  larger  or  smaller  bubbles,  and  form  the  blow-holes. 

It  may  seem  strange,  on  first  thought,  that  molten  steel 
should  be  able  to  absorb  so  much  hydrogen,  since  this  gas  can- 
not be  present  in  large  quantities  under  ordinary  conditions  in 
the  atmosphere  of  our  steel-furnaces.  We  know,  however,  that 
the  tetravalent  metals  of  Mendelejeft's  group  VIII. — viz.,  iron, 
nickel,  cobalt,  ruthenium,  rhodium,  palladium,  osmium,  irid- 
ium and  platinum — have  a  characteristic  high  affinity  for  hy- 
drogen, which  will  naturally  be  augmented  when  the  gas  is  in 
statu  nascendiy  in  which  state  it  will  combine  much  more  read- 
ily with  the  metal.    In  our  Bessemer  and  open-hearth  proc- 
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esses  we  decompose  the  moisture,  brought  in  by  the  air  and 
gas  respectively,  so  that  a  considerable  amount  of  nascent  hy* 
drogen  is  present  during  the  process  of  manufacturing  steel. 

IV.  In  What  Condition  are  Hydrogen  and  Nitrogen 
Present  in  Steel? 

Many  facts  tend  to  show  that  we  have  in  hydrogen  not  a 
metalloid,  but  the  vapor  of  a  metal  which  volatilizes  very  easily 
at  extremely  low  temperature. 

The  high  thermal  conductivity  of  hydrogen  resembles  that 
of  metals ;  the  hydrogen  is  easily  replaced  in  its  combinations 
with  metalloids  partly  or  completely  by  metals ;  thus,  HCl  + 
Na  =  NaCl  +  H.  Graham  took  hydrogen,  therefore,  as  the 
vapor  of  a  metal,  which  he  called  hydrogenium." 

Iron,  like  platinum,  palladium,  cobalt  and  nickel,  readily  ab- 
sorbs hydrogen  in  volumes  many  times  larger  than  its  own, 
especially  when  hydrogen,  as  we  have  seen  by  electrolyzing  a 
solution  of  ferric  chloride,  is  present  in  statu  nascencU.  This 
iron,  obtained  by  electrolytic  precipitation,  is  extremely  brittle 
and  very  hard.  Were  we  to  assume  only  a  mechanical  absorb- 
tion  of  the  gas  by  the  iron,  a  decrease  in  the  hardness  of  the 
metal  should  be  expected.  When  we  regard  the  hydrogen  al- 
loyed with  the  iron,  however,  the  increase  in  hardness  is  quite 
natural,  since  all  true  alloys  generally  exhibit  a  greater  hard- 
ness than  the  single  constituent  metals.  If  the  hydrogen  is- 
alloyed  with  the  iron,  then  it  must  be  subjected  to  segregation, 
just  as  other  alloys  are.  In  what  form  the  hydrogen  is  present 
in  the  iron  is  yet  unknown ;  so  much,  however,  seems  to  be 
sure,  that  that  part  of  the  hydrogen,  present  in  the  iron,  which 

"  The  phenomena  of  gas-absorption  which  some  metals  show,  though  destitute 
of  visible  pores,  is  probably  connected  with  their  capacity  to  absorb  gases  either 
on  the  surface  or  in  their  masses.  Graham  found  that  platinum  occluded  four 
times,  and  iron  0.44  times,  its  volnme  of  hydrogen.  This  property  is  most  re- 
markable in  palladium,  which  absorbs  hydrogen  not  only  in  cooling  after  being 
heated,  but  also  in  the  cold.  Palladium,  used  as  electrode  in  the  decomposition 
of  water,  will  absorb  980  times  its  volume  of  hydrogen.  This  gas  is  again 
driven  out  on  being  heated.  By  the  occlusion  of  hydrogen  the  volume  of  palla- 
dium is  increased  by  0.09827  of  its  original  amount,  from  which  it  follows,  that 
the  hydrogen  which  under  ordinary  circumstances  has  a  density  of  0.0000S9546 
that  of  water,  has  here  a  density  nearly  9,868  times  as  great,  or  about  0.88  that 
of  water.  Hence,  the  hydrogen  must  be  in  the  liquid  or  even  solid  (metallic) 
state.  It  probably  forms  thus  an  alloy  with  palladium  like  a  true  metal. — Ganot, 
fyhnenia  de  Physiqw. 
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exerts  such  a  great  influence  on  the  physical  jproperties  of  the 
metal,  will  not  consist  of  merely  mechanically  occluded  gas, 
but  must  be  alloyed  with  the  metal. 

The  investigations  in  regard  to  nitrogen  in  iron  are  very 
scant  so  far.  Older  investigations  by  Fremy,  Rinmann  and 
Allen  show  that  steel  contains  not  more  than  0.008  per  cent, 
of  nitrogen  when  manufactured  from  the  liquid  state  and  al- 
lowed no  chance  by  further  working  to  take  up  nitrogen.  H. 
Braune  has  lately  proved  that  solid  steel,  which  is  able  to 
take  up  nitrogen,  when  heated  up  to  from  600°  to  800®  C.  in 
dry  ammonia  gas,  is  remarkably  influenced  in  regard  to  its 
physical  properties  by  the  nitrogen  thus  absorbed.  Nitrogen, 
like  hydrogen,  must  therefore  have  the  capacity  to  combine 
with  iron. 

Whether  these  two  gases,  when  taken  up  by  the  molten  steel, 
enter  completely  into  combination  with  the  metal  or  are  only 
partly  mechanically  absorbed  by  the  st€Jel,  cannot  be  decided, 
since  we  are  unable  to  analyze  molten  steel. 

y.  Are  Htdrogbn  and  Nitrogen  Alone  Responsible  for 
THE  Formation  op  Blow-Holes  ? 

The  analyses  of  the  blow-hole  gases  show  that  practically 
only  hydrogen  and  nitrogen  are  present,  and  we  are,  therefore, 
apparently  justified  in  concluding  that  blow-holes  are  formed 
Duly  because  these  two  gases  were  absorbed  by  the  molten 
steel  in  quantities  too  large  to  be  kept  in  bond  completely  by 
the  solidifying  caetal.  The  gases  evolved  by  the  slowly  freez- 
ing steel  should,  therefore,  be  hydrogen  and  nitrogen  only. 
But  in  case  we  find  some  other  gas  evolved  from  the  ingot  in 
appreciable  quantity  besides  these,  we  are  warranted  in  inquir- 
ing whether  this  third  gas  has  not  more  to  do  with  the  forma- 
tion of  blow-holes  than  the  analyses  of  the  blow-hole  gases 
would  lead  us  to  believe. 

Dr.  F.  C.  Miiller,*^  by  analyzing  the  gases  evolved  from  the 
slowly  solidifying  ingot,  obtained  the  results  shown  in  Table  11. 

"  StafU  und  £Mefi,-vol.  iii.,  p.  448  (1883). 
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Tablb  II. — Analysis  of  Gases  from  Cooling  Ingots, 
by  Dr.  F.  C.  Miiller. 


No. 

CO. 

H,. 

N,. 

CO,. 

Per  Cent.  Per  Cent. 

Per  Cent. 

Percent.               Remarks. 

1 

37.3 

47.3 

7.9 

7.5 

Bessemer  rail  steeL 

2 

34.0 

49.5 

8.6 

7.9 

Bessemer  spring  steel. 

3 

43.2 

19.7 

36.7 

0.4 

Bessemer  spring  steel. 

Finished 

4 

45.9 

41.4 

9.9 

2.8 

Bessemer  spring  steeL 

steel, 

5 

38.7 

51.3 

7.2 

2.8 

Bessemer  rail  steel. 

after 

6 

48.2 

44.5 

2.5 

4.8 

Bessemer  spring  steel. 

'  addition  of 

7 

38.4 

51.0 

2.2 

8.4 

Bessemer  rail  steel. 

deoxidizing 

8 

31.5 

39.2 

21.6 

7.7 

Bessemer  rail  steel. 

material. 

9 

e8.o 

16.2 

11.0 

4.8 

Thomas  rail  steel. 

10 

56.5 

33.0 

8.6 

1.9 

Thomas  rail  steel. 

11 

18.6 

54.2 

24.9 

2.3 

Bessemer  blown  metaL     ' 

Before  addit 

12 

18.1 

52.9 

26.8 

2.2 

Bessemer  blown  metal. 

'  of  deoxidize 

We  see  that  carbon  monoxide  is  present  in  very  much  larger 
percentage  in  the  gases  evolved  by  the  solidifying  steel  than 
in  the  blow-holes  in  the  solid  ingot.  During  some  time,  at 
least,  carbon  monoxide  must,  therefore,  have  something  to  do 
with  the  liberation  of  the  gases  occluded  in  the  steel.  What 
role  it  plays  we  cannot  tell  yet ;  but  that  it  is  concerned  in  the 
liberation  of  the  gases  is  obvious.  Another  observation  from 
our  daily  practice  makes  it  still  more  likely  that  we  have  in 
the  carbon  monoxide  an  agent  more  or  less  directly  responsible 
for  the  evolution  of  the  occluded  gases,  and  consequently  for 
the  formation  of  blow-holes.  When  we  blow  a  Bessemer 
heat,  and  stop  the  blow  just  at  the  proper  time,  the  steel  will 
pour  quietly  after  we  have  added  the  deoxidizer,  and  will  give 
ingots  free  from  blow-holes.  But  when  we  blow  another  heat, 
being  very  careful  to  have  practically  the  same  temperature  as 
with  the  first,  but  continue  the  blowing  for  a  short  overtime 
(about  30  to  60  seconds) ;  in  other  words,  when  we  overblow 
the  heat,  the  steel  will  pour  decidedly  wilder  after  the  addition 
of  the  deoxidizer ;  it  will  rise  in  the  molds  and  will  give  ingots 
with  more  or  less  broad  rings  of  blow-holes. 

Have  the  30  to  60  sec.  of  longer  blowing  with  the  second 
heat  overloaded  the  steel  with  hydrogen  and  nitrogen  to  such 
an  extent  as  to  account  for  the  formation  of  the  blow-holes  ? 
Is  it  possible  that  this  short  overblow  is  so  much  more  power- 
ful to  saturate  the  steel  with  hydrogen  and  nitrogen  than  the 
much  longer  period  preceding  the  overblow,  during  which  the 
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temperature  of  the  bath  was  practically  at  the  very  same 
height  ?  Or  may  it  not  be  due  to  the  fact,  that  during  this 
very  short  overblow  we  form  a  metallic  oxide  in  the  bath, 
which  was  less  liable  to  be  stable  as  long  as  the  more  easily 
oxidizable  impurities  were  present  in  still  appreciable  amount? 
And  could  not  this  oxide,  reacting  with  the  carbon  brought  in 
by  the  deoxidizer,  give  rise  to  a  considerable  carbon  monoxide 
formation,  which  latter  gas  then  had  a  decided  influence  upon 
the  liberation  of  hydrogen  and  nitrogen  in  the  steel? 

V.  Source  of  the  Carbon  Monoxide  Gas. 

In  the  manufacture  of  Bessemer  or  open-hearth  steel,  we 
take  advantage  of  the  great  affinity  for  oxygen  of  the  impuri- 
ties contained  in  the  iron.  In  the  converter,  we  oxidize  them 
by  blowing  atmospheric  air  through  the  molten  metal,  while  in 
the  open  hearth  we  derive  the  nece88a,ry  oxygen  from  the  air 
and  from  iron  oxides  (iron-ore). 

This  oxidation  calls  for  large  quantities  of  oxygen ;  we  al- 
ways add  a  surplus  of  this  element  to  our  bath,  or  else  the  re- 
quired reactions  would  not  be  completed  in  so  short  a  time  as 
is  the  case. 

A  part  of  this  supplied  oxygen  will,  therefore,  stay  combined 
with  iron,  which,  as  we  know,  has  a  great  affinity  for  oxygen 
itself.  In  the  presence  of  such  a  large  surplus  of  metallic  iron 
as  we  have  in  these  steel  processes,  ferrous  oxide,  the  most  sta- 
ble of  the  iron  oxides,  will  be  formed* 

A.  Ledebur  found  as  much  as  1.80  per  cent,  of  ferrous  oxide 
in  low-carbon  steel.  This  he  found  in  solid  steel;  how  much 
molten  steel  is  able  to  contain  it  is  impossible  to  say.  It  must 
be  more  than  in  solid  steel,  for  otherwise  it  would  be  impos- 
sible for  low-carbon  steel  (see  Table  II.,  analyses  Nos.  11  and 
12)  to  give  off  such  large  quantities  of  carbon  monoxide. 

The  solvent  power  of  steel  for  ferrous  oxide  increases  with 
increase  in  purity.  As  long  as  the  metal  is  still  high  in  im- 
purities, the  ferrous  oxide  will  become  reduced  by  the  more 
easily  oxidizable  elements,  silicon,  manganese,  phosphorus  and 
carbon.  This  reduction  of  ferrous  oxide  will  be  aided  by  the 
lower  temperature,  which  naturally  prevails  in  such  a  bath. 
As  the  temperature  rises,  however,  the  solvent  power  of  steel 
for  ferrous  oxide  increases. 
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We  know  that  it  is  much  harder  to  eliminate  phosphorus  in 
the  open-hearth  furnace  at  high  than  at  low  temperature,  al- 
though the  oxygen  at  hand  to  combine  with  phosphorus  is  by 
no  means  smaller  in  the  former  case  than  in  the  latter.  But 
the  fact  that  under  such  circumstances,  even  carbon,  which 
may  often  be  present  in  appreciable  percentage,  does  not  read- 
ily reduce  the  ferrous  oxide,  is  somewhat  bewildering,  since 
we  know  that  the  affinity  of  carbon  for  oxygen  increases  with 
rising  temperature.  We  cannot  manufacture  very  low  carbon 
steel  in  the  open-hearth  furnace  or  converter,  without  greatly 
overoxidizing  the  metal — ^that  is,  increasing  the  amount  of  fer- 
rous oxide  in  it ;  and  we  are  forced  to  conclude  that  at  high 
temperature  the  affinity  of  iron  for  oxygen  must  be  greater  than 
that  of  carbon  for  oxygen.  Whether  in  this  case  the  iron  com- 
bines with  oxygen  to  form  ferrous  oxide  or,  perhaps,  to  form  a 
still  lower  oxide  (FjO),  it  is  yet  impossible  to  decide. 

Our  daily  practice  teaches  the  same  law.  If,  from  a  heat 
high  in  carbon,  but  low  in  temperature,  we  pour  a  small  sam- 
ple with  a  spoon  into  a  test-mold,  the  steel  will  solidify  quietly 
in  the  mold.  It  will  not  sputter,  and  will  not  show  any  blow- 
holes when  broken  in  two.  But  when  we  take  a  similar  test 
from  a  heat  of  practically  the  same  carbon-content,  and  much 
higher  temperature,  the  steel  will  be  "  wild,"  will  sputter  and 
rise  considerably ;  and  when  broken  the  ingot  will  show  many 
blow-holes.  What  is  the  reason  for  this  wide  difference  of 
behavior  ?  In  the  first  case,  although  ferrous  oxide  was  cer- 
tainly formed  continuously  in  the  bath,  the  metal  refused  to 
dissolve  it,  and  the  carbon,  having  a  greater  affinity  for  oxy- 
gen than  iron,  immediately  reduced  it.  Hence,  the  metal 
poured  into  the  test-mold  did  not  contain  ferrous  oxide,  and, 
the  formation  of  carbon  monoxide  in  the  solidifying  steel  being 
consequently  impossible,  the  steel  solidified  quietly  without 
forming  blow-holes.  In  the  second  case,  however,  the  much 
higher  temperature  of  the  bath  increased  the  solvent  power  ot 
the  steel  for  ferrous  oxide,  while,  on  the  other  hand,  the  affinity 
of  carbon  for  oxygen  was  becoming  less  than  that  of  iron  for 
oxygen.  Hence,  the  metal  poured  into  the  test-mold  contained, 
in  the  presence  of  carbon,  an  appreciable  amount  of  ferrous 
oxide.  The  rapidly  sinking  temperature  of  the  steel,  approach- 
ing  its   freezing-point,   lowered    simultaneously   the   solvent 
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power  of  the  steel  for  ferrous  oxide  and  raised  the  affinity  of 
the  carbon  for  oxygen,  so  that  a  large  amount  of  carbon  mon- 
oxide was  set  free,  which  liberated  hydrogen  and  nitrogen 
from  the  metal,  and  which  were  entangled  in  the  metal  as  it 
passed  through  the  pasty  condition ;  and  thus  the  blow-holes 
were  formed. 

In  a  low-carbon  heat  the  conditions  for  the  solution  of  fer- 
rous oxide  are  much  more  fevorable;  since  both  high  tempera- 
ture and  the  higher  degree  of  purity  tend  to  increase  the  sol- 
vent power  of  the  bath  in  that  respect. 

But  what  happens  when  we  cool  down  such  a  heat  artifici- 
ally in  the  furnace?     Prof.  Howe  says:  ^ 

''Certain  metaUurgists  .  .  .  point  to  their obeervation  [in order  to  prove  their 
statementi  that  the  solubility  of  gases  in  molten  steel  decreases  as  the  temperature 
falls  towards  the  freezing-point],  that  when  in  the  open-hearth  furnace  the  charge 
has  ceased  to  boil,  boiling  maj  be  induced  bj  shutting  off  the  supply  of  gas  alto- 
gether, which  no  doubt  lowers  the  temperature." 

I  must  confess  here,  that  I  have  endeavored  many  times, 
without  success,  to  verify  this  statement  I  have  taken  heats 
with  carbon  close  to  0.40  per  cent.,  and  with  carbon  close  to 
0.15  per  cent.,  which  had  ceased  to  boil,  and  shut  off  the  gas 
for  10,  15,  20  minutes  and  more,  but  never  could  detect  a  re- 
newed boiling  in  the  bath.  All  that  I  could  observe  was,  that 
the  slag  cooled  off  rapidly  on  the  surface,  and  therefore  quickly 
became  foamy  under  the  bloating  influence  of  the  escaping 
gases  (mostly  carbon  monoxide),  which  had  been  discharged 
quietly  through  the  slag  as  long  as  the  gas-flame  kept  it  fluid 
and  therefore  easy  to  be  penetrated.  Moreover,  I  cannot  be- 
lieve that  any  considerable  amount  of  cooling  can  take  place  in 
the  bath  lying,  as  it  does,  on  the  extremely  hot  hearth  of  the 
furnace,  and  protected  by  a  more  or  less  deep  layer  of  slag. 
What  had  been  believed  to  be  a  renewal  of  the  boiling  was 
nothing  more  than  a  change  in  the  physical  condition  of  the 
slag  surface. 

To  cool  a  heat  in  the  open-hearth  furnace  artificially,  we  may 
throw  in  pieces,  not  of  pig-iron,  which,  for  obvious  reasons, 
will  induce  a  boiling,  but  of  steel  scrap,  which,  in  melting, 
cools  the  surrounding  steel,  and  causes  a  violent  local  boiling. 

"  In  his  paper,  already  cited,  p.  238,  footnote. 
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Or,  still  better,  we  may  stir  the  bath  with  a  steel  bar.  A  high 
wave  or  crest  will  form  immediately  over  the  bar.  The  slag, 
unable  to  release  readily  the  much  larger  quantity  of  gas,  will 
foam  up,  sometimes  so  much  as  to  run  out  of  the  furnace-doors. 
That  the  gas  thus  escaping  is  chiefly  carbon  monoxide,  from  the 
reduction  of  ferrous  oxide  by  carbon,  is  proved  by  the  fact  that 
the  stirring,  as  soon  as  a  strong  liberation  of  gas  takes  place, 
lowers  the  carbon-content  in  the  bath  considerably.  This 
phenomenon,  however,  might  conceivably  be  due  to  the  fact, 
that  in  a  steel  bath,  ferrous  oxide  and  especially  carbon,  when 
present  in  small  quantities  only,  will  not  react  very  readily 
upon  each  other.  Both  may  possibly  be  in  a  state  of  inertia, 
which  may  be  overcome  by  stirring  or  throwing  in  cold  scrap. 
But  opposed  to  this  supposition,  it  may  be  stated  that  the 
liberation  of  gas  ceases  practically  at  once,  when  the  steel  scrap 
has  melted,  or  the  stirring  is  discontinued. 

Moreover,  the  evolution  of  gas  can  be  seen  only  at  that 
locality  where  the  scrap  or  the  bar  is  at  the  very  moment,  and 
stops  at  once  as  soon  as  the  scrap  or  the  bar  is  moved  away  to 
some  other  part  of  the  bath.  The  wave  is  always  directly  over 
the  bar;  if  we  move  the  bar  quickly,  the  wave  quite  naturally 
lags  behind  somewhat,  but  still  follows  the  bar,  and  subsides 
rapidly  when  the  bar  is  removed.  Were  it  only  a  state  of 
inertia  that  had  to  be  overcome,  why  should  the  reaction  not 
continue  and  spread  over  all  the  bath  after  we  had  overcome 
the  inertia  in  one  part  of  the  bath?  We  are  apparently  justi- 
fied in  concluding  that  the  cold  scrap  or  the  stirring-rod 
effected  a  drop  in  the  temperature  of  the  steel  in  its  immediate 
neighborhood  only,  and  that  this  drop  in  temperature  enabled 
the  carbon  to  reduce  the  ferrous  oxide,  for  which  the  solvent 
power  of  the  steel  was  lessened  simultaneously.     To  sum  up: 

(d)  Although  we  find  practically  only  hydrogen  and  nitrogen 
inclosed  in  blow-holes,  these  two  gases  are  not  alone  respon- 
sible for  the  formation  of  the  blow-holes. 

(e)  An  important  factor  in  the  formation  of  blow-holes  is 
carbon  monoxide,  which  is  present  in  large  quantities  in  the 
gases  evolved  from  the  solidifying  steel. 

(/)  The  source  of  this  carbon  monoxide  is  the  ferrous  oxide, 
dissolved  by  the  steel  during  the  process  of  steel-making. 
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{g)  Steel  has  a  solvent  power  for  ferrous  oxide,  which  in- 
creases with  rising  temperature. 

(A)  Steel  has  a  solvent  power  for  ferrous  oxide,  which  in- 
creases with  increasing  degree  of  purity. 

{%)  The  affinity  of  iron  for  oxygen  at  higher  temperature  in- 
creases with  rising  temperature  more  rapidly  than  that  of  car- 
bon for  oxygen. 

Vn.  The  Formation  of  the  Blow-Holes. 

Let  us  consider  a  metal  which  is  very  liable  to  form  blow- 
holes, a  metal,  therefore,  which  not  only  contains  much  hydro- 
gen and  nitrogen,  but  also  ferrous  oxide — in  other  words,  an 
overblown  or  over-ored  metal.  When  this  metal  is  tapped 
into  the  ladle  we  observe,  on  adding  the  deoxidizing  or  recar- 
bonizing  materials,  a  strong  reaction.  These  additions  are 
always,  even  when  they  consist  of  molten  spiegel  or  ferroman- 
ganese,  decidedly  colder  than  the  molten  steel.  A  sharp 
drop  in  temperature  must  take  place,  and  ferrous  oxide,  re- 
duced by  carbon,  forms  carbon  monoxide,  which  is  not  ab- 
sorbed by  the  steel,  but  leaves  the  metal  immediately  on  its 
formation.  Bushing  out  of  the  liquid  metal,  this  gas  will  act 
on  that  hydrogen  and  nitrogen,  which  is  present  in  the  molten 
steel  as  mechanically  absorbed  gas,  just  like  air  or  some  other 
gas  will  act  on  carbon  dioxide,  when  blown  through  mineral 
water  in  a  tumbler.  Here  a  physical  law  comes  into  effect — ^viz., 
that  when  one  gas  is  set  free  in  a  solution  containing  several 
gases,  this  liberated  gas  will  set  free  also  the  other  gases.  Be- 
sides carbon  monoxide  we  find,  therefore,  also  hydrogen  and 
nitrogen  leaving  the  steel.  J.  E.  Stead,  analyzing  the  gases 
accumulated  under  a  slag  cover  in  a  ladle  filled  with  steel, 
found:  CO,  47.8;  Hj,  18.6;  N,,  81.4;  CO^,  2.5  per  cent. 

Closely  watching  the  ladle  which  now  contains  all  the  steel, 
under  a  more  or  less  heavy  cover  of  slag,  we  see  that  the 
evolution  of  gases  subsides  more  and  more,  and  that  the  slag 
on  top  begins  to  chill  rapidly,  with  the  exception  of  a  small 
ring  close  to  the  ladle-lining.  Here  the  evolution  of  gases 
continues,  and,  bringing  constantly  fresh,  hot  slag  to  the  sur- 
face, keeps  the  slag  liquid  and  in  constant  motion.  Steam, 
coming  from  a  still  moist  ladle-lining,  cannot  be  the  cause  of 
it,  since  the  ladle  was  not  only  perfectly  dry,  but  also  heated 
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up  to  redness  before  the  heat  was  tapped  into  it.  The  steel 
nearest  the  lining  cools  down  somewhat,  effecting  the  forma- 
tion of  carbon  monoxide,  hence  an  evolution  of  occluded  gases 
from  this  locality.  The  cooling-effect  of  the  ladle-lining  is  not 
great,  but  it  lasts  for  a  long  time. 

When  we  pour  this  metal  into  the  molds  we  can  often  see 
very  clearly  that,  after  the  mold  is  filled,  the  steel  stays  per- 
fectly quiet  in  the  mold  for  some  time,  and  then  begins  to 
evolve  gases  and  to  rise  quite  suddenly.  This  phenomenon 
may  be  seen  more  readily  in  molds  of  smaller  diameter  than  in 
larger  ones. 

What  has  happened  in  the  meantime  in  the  ingot  ?  As  soon 
as  the  steel  enters  the  mold  it  experiences  a  sharp  drop  in  tem- 
perature, where  it  comes  in  contact  with  the  comparatively 
cold  walls.  Here  it  solidifies  immediately,  forming  a  shell, 
which  incloses  the  liquid  steel.  This  first  shell  contracts  and 
draws  away  from  the  mold,  leaving  between  ingot  and  mold 
a  small  space.  This  will  certainly  retard  the  freezing  of  the 
still  liquid  steel,  which  will  now  begin  to  solidify  in  layers, 
concentric  with  this  shell  and  in  perfect  union  with  it.  From 
the  freezing  of  water  and  alloys  we  know  that  in  the  endeavor 
to  crystallize  out  in  pure  iron  crystals  the  steel  will  expel  the 
impurities,  which,  having  a  lower  melting-point  than  the  purer 
metal,  will  travel  towards  the  still  fluid  center  of  the  ingot.  We 
And,  therefore,  that  the  layers  first  solidified  contain  less  im- 
purities than  the  average  of  the  original  steel  mass ;  and  thus 
we  have  a  purer,  already  solidified  shell  on  the  outside,  and  a 
liquid  central  part,  where  the  impurities  are  still  present  in 
original  amount,  while  between  these  two  portions  is  a  layer, 
which  contains  not  alone  the  original  amount  of  impurities, 
but  also  those  rejected  by  the  solidifying  outer  layer.  This  in- 
termediate layer,  which  is  still  liquid,  has  not  only  taken  up 
the  carbon,  manganese,  phosphorus,  sulphur,  etc.,  expelled  by 
the  freezing  outer  layer,  but  also  the  hydrogen,  nitrogen  and 
the  ferrous  oxide,  which  were  driven  out  of  the  solidifying 
crust. 

These  impurities  take  time  to  migrate  through  the  fiuid 
steel,  and  there  will  consequently  be  a  gradually  rising  wave 
of  impurities,  traveling  towards  the  center  of  the  steel  ingot — 
and  also,  on  account  of  their  lighter  specific  weight,  upwards 
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in  the  ingot — ^leaving  behind  it  metal  which  is  purer  than  it 
was  originally,  and  facing  metal  still  of  original  composition. 

This  wave,  containing  the  highest  amount  of  impurities  per 
unit  of  steel,  will  naturally  have  a  lower  melting-point  than  the 
original  steel  mass.  The  cooling-effect  of  the  crust  will  work 
on  its  outer  side,  and  the  heating-effect  of  the  fluid  central 
part  on  its  inner  side.  If  the  impurities  in  this  intermediate 
zone  comprise  enough  carbon  and  ferrous  oxide  to  permit  their 
mutual  reaction,  we  shall  have :  FeO  +  C  ==  Pe  +  CO. 

This  reaction  naturally  must  start  where  the  intermediate 
zone  is  the  coolest — i.  e.,  on  its  outer  side,  next  to  the  first  solidi- 
fied layer — ^because,  the  solvent  power  of  steel  for  ferrous 
oxide  increases  and  decreases  with  its  purity,  and  also  with  its 
temperature;  and  this  zone  is  one  of  decreasing  purity  and  fall- 
ing temperature.  Here,  therefore,  the  carbon  affinity  overpow- 
ers the  iron  affinity  for  oxygen,  and  the  reaction  commences, 
liberating  carbon  monoxide  gas,  which,  unable  to  become  ab- 
sorbed by  the  metal,  tries  to  escape  through  the  still  liquid 
steel.  In  its  passage,  it  forces  the  mechanically  absorbed  hy- 
drogen and  nitrogen  also  out  of  the  steel,  causing  a  strong  evo- 
lution of  gas  in  the  ingot. 

We  must,  however,  discuss  the  above  reaction  a  little  fur- 
ther. We  know  that  the  reduction  of  ferrous  oxide  by  carbon  is 
not  performed  without  absorption  of  heat.  Taking  the  atomic 
weights,  we  have :  72  ferrous  oxide  +  12  carbon  =  56  iron  -f 
28  carbon  monoxide.  That  is  to  say,  1  lb.  of  carbon,  oxidized* 
to  carbon  monoxide,  reduces  4.7  lb.  of  iron  from  ferrous  oxide. 

This  oxidation  of  1  lb.  of  carbon  to  CO,  evolves  2,470  calo- 
ries, while  the  reduction  of  4.7  lb.  of  iron  from  FeO  requires 
4.7  X  1,350  .=  6,345  calories.  We  have,  therefore,  a  loss  of 
3,875  calories  for  every  pound  of  carbon  thus  oxidized. 

The  reaction  which  takes  place  in  the  intermediate  ring — 
first  in  its  outer  part — between  carbon  and  ferrous  oxide,  is, 
therefore,  a  strongly  endothermic  one,  and  must  have  a  decided 
cooling-effect  on  the  surrounding  steel,  from  which  it  draws 
the  heat  necessary  for  its  completion.  Hence,  the  drop  in  tem- 
perature must  be  sharp  in  the  intermediate  ring,  with  the  nat- 
ural further  consequence  that  the  reaction  between  carbon  and 
ferrous  oxide  must  proceed  very  rapidly  through  that  ring. 
The  steel  in  the  outer  part  of  this  intermediate  ring  must  sud- 
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denly  enter  the  pasty  state,  which  condition  will  quickly  be  ac- 
quired by  those  parts  facing  the  central  part  of  the  ingot,  since 
it  follows  closely  the  rapid  progress  of  dropping  temperature 
through  the  ring. 

Some  of  the  evolved  gases  will  find  their  way  out  of  the 
steel;  the  rest  will  become  entangled  in  the  network  of  the 
pasty  metal,  and  form  blow-holes.  This  process  will  be  repeated 
as  long  as  the  successive  layers  are  rich  enough  in  ferrous 
oxide  and  carbon  to  insure  the  carbon  monoxide  formation. 

By  the  appearance  of  the  blow-holes  in  the  solid  ingot  we 
can  judge  how  thick  each  intermediate  ring  was  when  the  car- 
bon monoxide  formation  took  place ;  for  whenever  the  reac- 
tion in  one  individual  ring  was  over  the  blow-holes  formed 
tried  to  close  in.  The  blow-hole  tube  will  therefore  experience 
a  strangulation,  until  the  reaction,  taking  place  in  the  adjacent 
ring,  opens  the  blow-hole  tube  again  to  its  former  size — or 
even  makes  it  wider  than  it  was  originally,  on  account  of  the 
slower  passage  of  this  next  ring  through  the  pasty  state,  which 
gives  the  gases  more  opportunity  to  accumulate  in  one  place. 

This  cooling-effect  of  the  reaction  FeO  +  C  =  CO  +  Fe  and 
its  natural  consequence  on  the  formation  of  blow-holes,  has,  as 
far  as  I  know,  never  been  discussed  before.  I  consider  it  of  the 
greatest  importance  in  the  formation  of  blow-holes,  since  I  be- 
lieve that,  all  other  conditions  being  equal,  that  steel  will  in 
every  case  form  the  largest  amount  of  blow-holes  which  con- 
tained the  greatest  amount  of  ferrous  oxide,  or  which,  in  other 
words,  was  most  overoxidized. 

The  above-described  reaction  destroys  the  largest  part  of 
the  ferrous  oxide  present  in  the  intermediate  ring.  What  is 
left  cannot  leave  the  solidifying  steel  as  easily  as  the  other  im- 
parities, since  it  cannot  possibly  coalesce  as  easily  as  the  latter, 
and  therefore  cannot  segregate  out  of  the  freezing  metal.  Be- 
ing itself  very  refractory,  it  will  remain  finely  disseminated  in 
the  solidifying  steel.  Ferrous  oxide  segregates  freely  in  liquid 
steel  only,  not  in  steel  approaching  the  freezing-point. 

After  the  reaction  between  ferrous  oxide  and  carbon  is  over 
in  all  those  more  or  less  wide  intermediate  rings  which  con- 
tained enough  to  insure  it,  and  after  blow-holes  have  been 
formed  in  those  intermediate  rings,  forming  together  one  more 
or  less  broad  ring  of  blow-holes,  another  stage — namely,  the 
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uninterrupted  cooling  and  freezing  of  the  central  but  still  fluid 
part — can  follow. 

The  impurities  contained  in  the  solidifying  layers,  and  ex- 
pelled by  them  on  freezing,  will  again  accumulate  in  a  ring, 
until  the  reaction  between  ferrous  oxide  and  carbon  again  be- 
comes possible,  whereupon  a  second  ring  of  blow-holes  will  be 
formed  in  the  ingot.  This  second  ring  will,  however,  consist 
of  smaller  individual  blow-holes  than  the  first;  since  the  liber- 
ated gases,  traveling  upwards  through  the  liquid  steel,  have 
lessened  throughout  its  contents  of  occluded  gases,  so  that  the 
amount  of  gases  available  to  form  blow-holes  in  the  second  ring 
must  be  decidedly  smaller  than  in  the  first.  This  effect  pro- 
ceeding from  the  first  ring  may,  indeed,  be  so  strong  as  to  re- 
duce the  gas-content  of  the  remaining  steel  until  it  can  solidify 
without  further  blow-hole  formation.  In  that  case,  the  ingot 
will  have  only  one  ring  of  blow-holes. 

It  must  be  remembered,  also,  that  the  migration  of  the  fer- 
rous oxide,  like  that  of  the  other  impurities,  is  not  only  horizon- 
tal but  vertical  in  the  fluid  steel,  and  that  the  steel  which  it  left 
behind  becomes  purer  and  purer.  However,  the  richer  the 
fluid  steel  becomes  in  impurities,  the  lower  its  melting-point 
will  drop,  with  the  consequence,  that  the  liberated  carbon  mon- 
oxide together  with  the  other  gases  has  continuously  increas- 
ing opportunity  to  leave  the  metal. 

The  hotter  we  pour  steel,  the  more  ferrous  oxide  we  must 
reckon  with  as  contained  in  it  to  start  with.  The  overload- 
ing of  the  intermediate  ring  with  ferrous  oxide  will  therefore 
occur  earlier,  the  reaction  between  ferrous  oxide  and  carbon 
will  take  place  quicker,  and  the  blow-holes  formed  will  lie 
closer  to  the  ingot-surface. 

Some  broken  ingots  which  I  have  examined  showed  blow- 
holes without  any  "  strangulation  '*  rings,  but  with  practically 
perfect,  smooth  walls.  These  blow-holes,  which  were  of  con- 
siderable size,  although  never  as  long  as  the  long  blow-hole 
tubes  with  *< strangulation"  rings,  had  apparently  been  made 
without  any  interruption.  They  must  have  been  cast  in  one 
mold,  as  it  were!  When  the  intermediate  ring  has  been 
formed,  and  is  liable  at  any  time  to  bring  about  the  reaction 
between  ferrous  oxide  and  carbon,  it  is  indeed  possible  that, 
under  favorable  conditions,  undercooling  may  take  place  in  this 
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ring — i. «.,  the  temperature  throughout  this  ring  may  drop  be- 
low that  point,  where  under  less  favorable  conditions  carbon 
monoxide  would  have  been  made  under  all  circumstances.  If 
this  undercooled  ring  now  experiences  only  the  slightest  change 
in  its  conditions,  the  carbon  monoxide  reaction  will  not  proceed 
from  the  outer  part  gradually  towards  the  inner  part,  but 
the  reaction  between  ferrous  oxide  and  carbon  will  set  in  sud- 
denly throughout  the  entire  ring,  so  that  the  blow-h<tles  will  be 
formed  all  at  once.  These  blow-holes  will  show  smooth  walls 
as  the  consequence  of  their  uninterrupted  formation. 

The  practical  steel-maker  knows  that  high-carbon  as  well  as 
low-carbon  steel  will  pour  quietly,  and  that  the  ingots  will  be 
free  from  any  dangerous  blow-holes,  if  he  is  able  either  to  pre- 
vent or  to  destroy  overoxidation  in  the  bath  before  teeming  the 
steel.  He  knows  also  that  he  can  bring  about  this  state  of  af- 
fairs by  keeping  the  temperature  during  the  process  well  under 
control  and  getting  the  slag  into  the  right  condition ;  and  he  is 
aware  that  heats,  which  have  been  worked  and  finished  too  hot, 
will  not  pour  quietly,  and  will  give  "  spongy  "  steel. 

The  more  completely  we  control  the  temperature,  therefore, 
the  more  we  shall  be  able  to  get  steel  into  the  molds,  which 
solidifies  solidly  for  a  considerable  period,  before  blow-holes  are 
formed.  The  steel  will  have  a  solid  crust  of  substantial  thick- 
ness ;  its  blow-holes  will  be  deep-seated  and  hence  less  harmful. 

Steel  at  a  very  high  temperature,  and  containing  an  undue 
amount  of  ferrous  oxide,  is  pretty  hard  to  deoxidize  successfully. 
If,  however,  the  overoxidation  is  destroyed,  such  steel,  although 
poured  extremely  hot,  will  give  ingots  free  from  blow-holes. 

When  steel  at  too  low  a  temperature  is  poured  into  molds 
without  being  sufficiently  deoxidized,  blow-holes  will  be  formed 
scattered  all  through  the  ingot.  Here  a  regular  ring-like  solidi, 
fication  of  the  steel  could  not  take  place,  as  with  steel  of  higher 
temperature.  The  segregation  of  the  impurities  is  irregular — a 
little  here,  much  more  there — and  the  consequence  is,  that  the 
reaction  of  ferrous  oxide  and  carbon  will  be  confined  to 
smaller,  irregularly  distributed  areas.  That  the  result  shows 
masses  of  blow-holes  scattered  without  rule  through  the  entire 
mass  is  not  surprising. 

Another  phenomenon  which  I  wish  to  mention  in  connection 
with  the  formation  of  blow-holes  is  the  well-known  appearance, 
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in  freshly  stripped  ingots,  of  a  darker  lower,  and  a  brighter 
upper,  part.  When  we  cut  such  an  ingot  in  two,  we  find  that 
in  the  darker  lower  part  the  blow-holes  are  close  to  the  sur- 
face, while  in  the  brighter  upper  part  the  blow-holes  are  much 
farther  away.  This  difiference  is  easily  explained  upon  the 
foregoing  theory.  When  the  lower  part  of  the  steel  begins  to 
solidify  and  consequently  to  expel  gases,  the  upper  part  will  be 
still  fluid  ^  first,  because  the  steel  there  has  not  been  in  the 
mold  so  long;  and  second,  it  is  resting  on  the  hot  steel  of  the 
lower  part,  like  a  pot  on  an  open  fire,  and  not,  like  the  steel  in 
the  lower  part,  on  the  heat-absorbing  cold  stool.  The  steel  in 
the  upper  part  has  the  gases  partly  washed  out  by  the  passage 
of  the  gases,  expelled  by  the  steel  underneath.  The  upper  part, 
therefore,  will  be  much  poorer  in  gas  when  it  begins  to  solid- 
ify ;  the  period  for  a  quiet  and  undisturbed  freezing  will  be 
longer;  and  the  first  blow-hole  ring  will  lie  deeper  in  the  ingot 
The  closer  the  blow-holes  are  to  the  surface,  the  less  metal  will 
there  be,  through  which  the  heat  from  the  still  fluid  ingot-center 
is  sent  to  the  outside,  and  less  heat  will  be  conducted  to  the  sur- 
face— hence  the  darker  appearance  of  the  lower  ingot  part.  The 
thicker  the  solid  ingot-crust  the  more  heat  will  be  conducted 
through  the  solid  metal  to  the  surface ;  and  the  more  will  this 
surface  be  heated — hence  the  brighter  appearance  of  the  upper 
ingot  part. 

The  &ct  that  the  upper  part  of  the  still  fluid  metal  inside  the 
ingot  is  hotter  than  that  in  the  lower  part,  only  strengthens 
this  difference  in  the  appearance  of  the  two  parts. 

On  page  237  in  his  paper  Professor  Howe  says"  that  under 
certain  conditions 

** ,  .  .  .  the  blow-holes  are  so  large  as  to  be  harmful,  and  thej  cannot  be  ef- 
faced by  welding,  because  they  lie  so  near  the  skin  of  the  ingot  that  their  walls 
are  oxidized  by  the  infiltering  atmospheric  oxygen,  so  that  the  contact  of  metal 
with  metaly  necessary  to  welding,  is  lacking.  But  (under  other  conditions)  .  . 
.  .  the  blow-holes  which  form  are  so  deep-seated  as  to  be  harmless,  because 
their  sides  will  not  be  oxidized,  and  therefore  they  will  weld  up  completely  in 
rolling,  and  will  thus  disappear.'' 

♦With  this  statement  that,  under  favorable  conditions,  blow- 
hcrtes  will  weld  up  completely  in  rolling,  both  theoretical  rea- 
soning and  practical  experience  render  me  unable  to  agree. 

"  BirM<nUhly  Bulletin,  No.  14,  March,  1907,  p.  237. 
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The  gases,  which,  as  we  have  seen,  fill  the  blow-holes  in  the 
steel  ingot,  stay  in  them  from  the  very  first  moment  these 
holes  are  made,  until  the  steel  is  rolled,  finished  and  ready  for 
shipment.  They  are  not  reabsorbed  by  the  steel ;  this  would 
be  impossible.  Nor  are  they  driven  out  of  the  deep-seated  blow- 
holes. They  are  found  even  in  steel  which  has  been  worked 
very  extensively  by  forging  down  to  small  bars. 

Drilling  such  forged  steel,  Dr.  Miiller  found : 


Volume  of  Gaa. 

Composition  of  Gas. 

H,. 

N,. 

CO. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent, 

5.0 

52.2 

48.1 

0.00 

7.3 

54.9 

45.5 

0.00 

5.6 

72.4 

25.3 

1.30 

The  composition  of  this  gas  is  conspicuously  similar  to  that  of 
the  original  blow-hole  gas.  That  the  amount  of  gas  obtained 
is  so  much  less  with  forged  steel  than  with  unworked  is  quite 
natural,  since  the  reduction  in  size  by  forging  brings  the  solid 
and  the  cavity-bearing  parts  of  the  original  steel  block  close 
together,  so  that  the  unit  of  drilled  steel  contains  much  less 
gas  in  forged  than  in  unworked  steel.  Through  the  entire 
period  of  rolling,  forging,  etc.,  the  blow-holes  are  filled  with 
gas,  which,  being  under  a  pressure  of  at  least  three  atmos- 
pheres in  the  cold  steel,  is  naturally  under  a  much  higher  pres- 
sure while  the  steel  is  at  the  rolling-temperature.  The  action 
of  rolling  and  stretching  the  steel  will  also  stretch  the  blow- 
holes, without  interfering  with  the  contained  gas,  which  will 
remain  in  them  just  as  air  remains  in  a  partly-filled  rubber  bag, 
which  is  passed  to  and  fro  between  two  rollers,  some  distance 
apart. 

Now,  welding  requires,  as  Prof.  Howe  says,  the  contact  of 
metal  with  metal,  and  he  points  out  that  the  oxidation  of  the 
walls  of  blow-holes  would  prevent  this  metallic  contact.  But 
it  may  be  prevented  by  other  substances  as  well.  The  gas  in 
a  blow-hole,  although  it  may  be  pressed  from  one  end  to  the 
other,  as  the  hole  becomes  during  rolling  longer  and  thinner, 
will  never  permit  a  complete  welding  of  the  metallic  walls. 
Small  portions  of  them  may  weld  together ;  but  any  weld  of 
larger  extention  would  certainly  be  severed  again  by  the  gas, 
which  in  the  reduced  blow-hole  would  naturally  be  under   a 
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still  higher  pressure  than  originally,  and  would  consequently 
be  much  more  powerful  to  tear  apart  a  fresh  weld  of  the  sides. 
The  gas  acts  like  a  cushion  always  present,  which  will  not  per- 
mit any  extended  welding  in  even  the  deepest-seated  blow- 
holes. 

But  besides  this  theoretical  reason,  my  experience  forbids 
me  to  believe  in  the  welding  of  deep-seated  blow-holes.  The 
etched  surfaces  of  many  hundreds  of  rail  sections  have  proved 
to  me  conclusively,  that  the  original  blow-holes  are  still  present 
in  the  finished  rail,  though,  of  course,  much  smaller  in  diameter 
by  reason  of  the  rolling.  The  welding  of  blow-holes  by  roll- 
ing, forging,  or  any  other  operation,  must  therefore,  in  my 
judgment,  be  regarded  as  impossible. 

Viil.  The  Prevention  of  Blow-Holbs. 

Having  traced  the  causes  of  blow-holes,  we  may  proceed  to 
discuss  the  means  by  which  they  may  be  either  prevented  alto- 
gether, or,  at  least,  located  so  deep  in  the  ingot  as  to  be  less 
harmful,  by  reason  of  the  presence  of  a  surrounding  mass  of 
solid  steel,  thick  enough  to  withstand  the  rolling  without 
being  torn  apart. 

Mr.  Brinell's  experiments  and  suggestions  as  to  the  proportions 
of  manganese,  silicon  or  aluminum  in  steel  required  to  prevent 
blow-holes,  form  only  a  portion  of  the  story,  and  will  not  help 
us  very  much,  since  by  far  the  largest  part  of  the  daily  prod- 
uct of  Bessemer  and  open-hearth  steel  contains  just  that  amount ' 
(in  the  neighborhood  of  0.50  per  cent.)  of  manganese  plus  sili- 
con which  he  pronounces  the  most  dangerous  in  this  respect. 
As  to  the  addition  of  aluminum,  I  must  say  that  I  have  had 
many  heats,  which  rolled  very  badly  and  showed  all  the  signs 
of  outside  blow-holes,  although  aluminum  had  been  added  with 
the  greatest  care  and  discretion.  On  the  other  hand,  many 
heats,  containing  the  dangerous  percentage  in  manganese  and 
silicon,  with  no  aluminum  at  all,  rolled  perfectly.  If  blow- 
holes could  be  prevented  by  adding  a  certain  percentage  of 
aluminum,  the  art  of  making  sound  steel  ingots  would  lose  all 
its  difficulties — and  perhaps  also  its  interesting  features ! 

It  has  been  shown  above,  that  the  formation  of  blow-holes 
is  not  only  due  to  the  presence  of  hydrogen  and  nitrogen,  but 
also — and  not  least — to  the  presence  of  ferrous  oxide  in  the 
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molten  metal.  Indeed,  we  must  ascribe  to  the  presence  of  fer- 
rous oxide  more  influence  than  to  any  other  condition,  since 
without  it  the  liberation  of  hydrogen  and  nitrogen  would  al- 
ways be  less  explosive.  The  entanglement  of  the  evolved 
gases  in  the  steel,  when  it  was  becoming  suddenly  pasty,  is 
greatly  aided  by  the  reaction  of  ferrous  oxide  and  carbon, 
rapidly  forming  large  quantities  of  carbon  monoxide,  and  simul- 
taneously lowering  the  temperature  of  the  steel.  We  know 
that  overblown  heats  give  porous  ingots,  while  heats  blown  for 
a  shorter  time  (though  often  only  a  little  shorter),  and  present- 
ing no  more  overoxidation  than  is  effectively  destroyed  by  the 
deoxidizing  additions,  will  pour  quietly  and  give  solid  ingots. 
Overoxidation  of  the  steel  must  therefore  be  considered  to  be 
the  chief  cause  of  blow-holes.  To  prevent  this  defect,  we  must 
endeavor  either  to  prevent  oxidation  or  to  destroy  the  over- 
oxidation of  the  molten  steel  before  it  enters  the  molds.  If 
we  are  successful  in  this,  we  may  rest  assured  that  the  ingots 
will  have  only  deep-seated,  harmless  blow-holes,  if  any,  and 
that  their  faultless  rolling  into  rails,  plates,  billets  and  struc- 
tural material,  etc.,  is  assured. 

1.   The  Prevention  of  Overoxidation. 

In  the  Bessemer  process  overoxidation  is  prevented  by 
guarding  against  blowing  too  hot  or  too  long.  Both  will 
overload  the  steel  with  ferrous  oxide,  which  cannot  be  com- 
pletely reduced  by  manganese,  etc.,  in  the  ladle,  but  will  enter 
the  molds  and  continue  therein  the  reaction  with  carbon  and 
the  dangerous  formation  of  carbon  monoxide. 

In  the  open-hearth  process,  iron-ore  is  usually  added  to  assist 
the  oxidizing  influence  of  the  flame.  Iron  oxides  are  thus 
brought  into  the  bath,  giving  the  metal  every  opportunity  to 
saturate  itself  with  ferrous  oxide.  To  prevent  too  high  a  de- 
gree of  overoxidation  at  the  end  of  the  heat  in  the  open-hearth 
care  must  be  taken  to  control  the  temperature  of  the  bath  and 
the  oxidizing  influence  of  the  slag.  In  this  process,  the  slag  is 
the  transmitter  of  the  oxygen,  and  also  the  receptacle  of  the 
oxidized  impurities,  except  the  oxides  of  carbon.  If  we  finish  a 
heat  with  a  slag  too  rich  in  oxygen,  we  are  liable  to  the  very 
last  moment  before  tapping  to  the  transfer  of  ferrous  oxide  from 
the  slag  into  the  bath.     If  we  have,  at  the  same  time,  too  high 
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a  temperature,  we  must  expect  a  greater  solvent  power  of  the 
metal  for  ferrous  oxide,  irrespective  of  the  carbon-content.  The 
slag  will  give  up  ferrous  oxide  to  the  steel,  which  absorbs  it 
only  too  readily.  The  bath  of  molten  steel  has  a  certain  depth. 
All  other  conditions  being  equal,  it  will  have  the  lowest  tem- 
perature, and  consequently  the  smallest  solvent  power  for  fer- 
rous oxide,  in  its  lowest  layer,  where  it  is  in  contact  with  the 
heat-absorbing  lining  of  the  hearth.  The  upper  layers,  close  to 
the  slag,  will  be  the  hottest,  and  will  possess  the  greatest  sol- 
vent power,  which  will  be  satisfied,  not  only  by  the  ferrous  oxide 
derived  from  the  slag  close  at  hand,  but  also  by  the  ferrous  oxide, 
which,  being  specifically  lighter,  will  rise  to  these  upper  layers 
from  the  bath  below.  This  may  be  easily  proved,  by  taking 
two  tests  from  the  bath,  one  as  close  as  possible  to  the  bottom, 
and  the  other  as  close  as  possible  to  the  slag.  In  the  test-mold 
the  steel  from  the  lower  part  of  the  bath  will  solidify  much 
more  quietly,  and  will  exhibit  blow-holes  to  a  much  smaller 
degree,  than  that  from  the  upper  part. 

The  attainment  of  high  temperature  by  the  upper  layers  is 
assisted  by  a  thick  and  heavy  slag,  which  keeps  the  temperature 
back  in  the  bath,  whereas  a  fluid,  thin  slag  transmits  it  more 
rapidly  to  the  furnace  and  thence,  with  the  waste  gases,  to  the 
stack.  It  is  impossible  to  get  the  bath  hot  enough  to  tap,  when 
a  very  thin  slag  has  been  kept  on  it  from  the  beginning. 
Hence,  the  slag  must  not  be  thinned  until  the  bath  has  ac- 
quired a  temperature  high  enough  for  successful  tapping  and 
pouring,  and  particular  care  must  be  taken  to  bring  the  slag  to 
a  high  degree  of  fluidity.  Such  a  slag  will  not  allow  the  upper 
layers  of  the  bath  to  take  up  an  undue  amount  of  ferrous  oxide, 
since  it  keeps  these  layers  from  rising  in  temperature  too  far 
above  the  rest  of  the  bath,  and  thus  limits  their  solvent  power 
for  ferrous  oxide. 

In  order  to  have,  towards  the  end  of  the  process,  a  slag  not  ex- 
cessively oxidizing,  care  must  be  taken  that  the  heat  be  not 
"  over-ored,"  and  that  the  last  portion  of  ore  added  be  per- 
fectly "  boiled  out  '*  before  tapping.  I  have  had  opportunity  to 
make  many  open-hearth  heats  with  Swedish  magnetite  in  large 
lumps.  Proper  care  being  taken  in  working  down  and  finish- 
ing the  heats,  no  trouble  whatever  was  experienced  with  the 
resulting  ingots.     At  other  times,  I  had  to  use  so-called  "  con- 

[24] 


BLOW-HOLES   IN   STBEL   INGOTS.  715 

centrate  "  from  Sweden — a  fine,  sand-like  magnetite,  the  prod- 
uct of  magnetic  separation.  In  operating  with  this  fine  ore, 
besides  taking  much  more  time  to  bring  down  the  carbon  of  the 
bath  to  the  point  required,  I  got  extremely  bad  steel,  full  of 
blow-holes.  This  indicated  that  slag  still  rich  in  oxygen  when 
the  heat  is  ready  to  tap  (as  was  the  case  with  the  fine  magne- 
tite concentrate)  tends  to  the  formation  of  overoxidized  steel, 
and  hence  of  blow-holes. 

To  prevent  overoxidation  in  the  open  hearth,  care  must  there- 
fore be  taken : 

(k)  That  the  temperature  during  the  process  be  kept  not  too 
high. 

({)  That  the  slag  be  maintained  in  a  good,  thin  condition 
during  the  latter  part  of  the  process. 

(m)  That  the  oxidizing  power  of  the  slag  be  brought  to  a 
minimum  towards  the  end  of  the  process. 

But,  though  all  these  prescriptions  be  piously  fulfilled,  it  will 
nevertheless  be  impossible  to  manufacture  steel  without  any 
overoxidation  at  all.  The  solvent  power  of  molten  steel  for 
ferrous  oxide  is  so  great  that  some  of  the  oxide  will  be  dis- 
solved in  the  metal,  in  spite  of  all  possible  precautions.  We 
must,  therefore,  reckon  with  a  certain,  unavoidable  degree  of 
overoxidation  in  all  steel,  and  the  next  problem  is  therefore  : 

2.   The  Destruction  of  Overoxidation. 

We  have  seen  that  when  a  stirring-rod  is  moved  to  and  fro 
in  the  bath,  a  strong  evolution  of  carbon  monoxide  takes 
place.  Since  this  is  just  what  we  desire,  we  certainly  should 
continue  stirring  until  the  wave  over  the  rod  has  more  or  less 
completely  subsided.  This  stirring  of  the  bath,  shortly  before 
tapping,  is  greatly  beneficial  in  lessening  overoxidation  in  the 
steel,  and  should  be  more  general  than  it  is  in  present  practice. 
Any  addition  to  the  bath  of  substances  which  combine  easily 
with  oxygen  will  naturally  assist  the  destruction  of  overoxida- 
tion. 

Spiegel,  ferromanganese  or  pig-iron  (cold  or  fluid)  will  thus 
add  carbon  and  manganese,  both  of  which  will  combine  with 
oxygen  all  the  more  easily,  since  their  solution  and  the  conse- 
quent reaction  with  ferrous  oxide  are  accompanied  with  a  lower- 
ing in  the  temperature  of  the  bath.     While  the  carbon  monox- 
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ide  thus  formed  is  escaping  as  a  gas,  the  manganese  prot- 
oxide will  be  taken  into  the  slag ;  and  there  it  will  stay,  unless 
the  slag  be  so  rich  in  manganese  as  to  permit  its  reduction 
and  return  to  the  bath.  But  such  a  continuous  reduction 
of  manganese  from  the  slag  would  decidedly  aid  in  lessening 
overoxidation  in  the  bath ;  and  therefore  it  would  be  advisable 
to  secure,  in  the  open-hearth  furnace,  slags  rich  in  manganese, 
if  manganese  (in  any  form)  were  not  so  expensive. 

As  to  the  deoxidizing  influence  of  the  silicon  brought  in  by 
ferrosilicon,  it  may  be  said  that  silicon  by  itself  will  destroy 
overoxidation,  but  that  such  deoxidized  steel  will  not  be  free 
from  red-shortness.  Only  when  manganese  is  present,  besides 
silicon,  will  the  red-shortness  of  the  steel  disappear. 

3.     Heat-Finishing  in  the  LadU  Versus  HeaUFinishing  in  the 

Furnace. 

It  is  the  general  custom  in  this  country  to  deoxidize  the  steel 
in  the  ladle,  while  in  many  European  works  this  practice  is  not 
regarded  as  safe,  and  the  steel  is  deoxidized  in  the  furnace  be- 
fore tapping.  All  other  conditions  being  the  same,  deoxidation 
in  the  furnace  is  unquestionably  better  than  in  the  ladle.  The 
deoxidizer,  added  to  the  bath  in  the  furnace,  will  float,  partly 
submerged,  on  the  metal ;  will  dissolve  there ;  and  will  there- 
fore deoxidize  just  that  portion  of  the  bath  which  is  most  over- 
oxidized.  The  only  drawback  is,  that  a  part  of  the  added 
manganese,  etc.,  will  be  lost  into  the  slag,  which,  by  reason  of  its 
oxygen-content,  is  only  too  eager  to  seize  upon  the  manganese, 
etc.,  and  will  thus  deprive  the  bath,  for  which  the  addition  was 
intended,  of  part  of  its  deoxidizing  supply.  To  counterbalance 
this  loss,  a  certain  surplus  of  the  deoxidizer  must  be  added, 
when  deoxidation  is  performed  in  the  furnace, 

Deoxidation  in  the  ladle,  on  the  other  hand,  is  generally 
satisfactory,  unless  the  degree  of  overoxidation  in  the  steel 
is  unusually  high.  But  in  that  case  most  of  the  deoxidizer 
will  already  be  dissolved,  before  that  portion  of  the  bath  gets 
into  the  ladle,  which  needs  deoxidation  the  most — namely,  the 
upper  layers.  The  ferrous  oxide  of  this  portion,  on  reach- 
ing the  ladle,  will  find  the  deoxidizer  present,  not  in  concen- 
trated form  and  therefore  most  efficient,  but  already  dissolved 
and  strongly  diluted  in  the  large  mass  of  molten  steel.     The 
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reactions  between  carbon,  manganese,  silicon  and  ferrous 
oxide  are  then  necessarily  more  sluggish,  require  more  time. 
It  is  possible  that,  in  such  cases,  the  steel  may  enter  the 
molds,  without  having  been  properly  deoxidized,  and  maycon- 
sequently  form  dangerous  blow-holes  in  the  ingots.  Another 
drawback  to  ladle-deoxidation  is,  that  the  manganese  protoxide 
and  silicate  thus  formed  may  often  have  too  little  time  to  sepa- 
rate into  the  slag  before  the  steel  reaches  the  mold  and  solidi- 
fies therein.  The  ingot  may  then  contain  small,  but  neverthe- 
less dangerous,  inclosures  of  slag  (i.e.,  manganese  protoxide 
and  silicate),  which  will  make  the  steel  "  short "  and  brittle. 

X,  The  Influence  of  Carbon,  Manganese,  Silicon  and  Alu- 
minum IN  Steel  Towards  the  Prevention  of  Blow-Holes. 
Iron  with  at  least  2.8  per  cent  of  .carbon  and  various 
amounts  of  other  impurities,  such  as  manganese,  silicon,  phos- 
phorus,  sulphur,  etc.,  is  classed  as  pig-iron.  It  is  distinguished 
chemically  from  steel  (or  ingot-iron)  by  the  higher  percentage 
of  these  impurities,  especially  of  carbon.  We  have  seen  that 
iron  in  the  molten  state  is  able  to  absorb  gases,  and  to  expel 
them  again  on  freezing.  The  amount  of  gases  taken  up  by 
iron  in  the  blast-ftirnace  probably  depends  on  the  pressure  in 
the  hearth  of  the  furnace,  the  degree  of  superheating  in  the 
hearth,  the  percentage  of  silicon  in  the  metal,  the  melting-point 
of  the  iron  and  the  slag,  and  the  percentage  of  moisture  in  the 
blast 

The  more  gases  the  iron  was  able  to  absorb,  while  in  the 
blast-furnace,  the  more  it  will  try  to  set  free,  when  solidifying, 
so  far  as  its  degree  of  fluidity  will  permit  The  more  fluid  the 
metal,  the  more  gases  it  will  allow  to  escape.  The  thicker  the 
iron,  the  more  gases  will  stay  in  it  and  the  greater  the  possi- 
bility of  blow-holes.  Iron  made  during  a  cold,  irregular  run 
of  the  blast-furnace  generally  flows  very  thickly,  and  exhibits 
many  blow-holes.  Tables  III.  and  IV.  illustrate  these  proposi- 
tions. 
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6.4 

4.5 

8.6 

0.5 

21.9 

19.1 

1.3 

0.4 

47.3 

13.7 

1.3 
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Table  III. — Composition  of  Gases  Escaping  from  Molten  Iron,^'^ 

Rt.  CO.  CO..        0|. 

(a)  Foundry  iron,  thick  and  mushy,  average 
from  13  analyses,       .... 

(6)  Basic  iron  and  spiegeleisen,  thin  and 
fluid,  average  from  48  analyses, 

(c)  Foundry  iron,  very  thin  and  fluid,  aver- 
age from  6  analyses,    .... 

Table  IV. — Composition  of  Gases  Obtained  by  Drilling  Solid 
Foundry  Iron. 

Composition.  Composition. 

H,.  CO. 

Per  Cent  Per  Cent. 

57.6  0.7 
42.2  1.9 

59.0  0.9 

66.1  0.6 
59.0  3.5 

46.2  1.2 

66.7  1.3 
43.6  0.3 

67.3  0.2 

Why  is  it  that  pig-iron,  although  absorbing  in  the  molten 
state  large  amounts  of  gases,  has  not,  by  far,  so  great  a  tend- 
ency to  form  blow-holes  as  steel  or  ingot-iron  ? 

To  answer  this  question  correctly  we  must  find  out  whether 
the  same  conditions  as  to  the  formation  of  carbon  monoxide 
exist  in  pig-iron  as  in  steel  and  ingot-iron.  We  know,  now, 
that  molten  iron  increases  in  solvent  power  for  ferrous  oxide — 
the  source  of  carbon  monoxide — with  rising  temperature  and 
growing  degree  of  purity,  and  that,  on  the  other  hand,  the 
aflBnity  of  carbon  for  oxygen  lags  behind  that  of  iron  the 
higher  the  temperature  rises.  In  pig-iron,  the  melting-point 
of  which  is  considerably  below  that  of  steel  (especially  low-car- 
bon steel),  the  solvent  power  for  ferrous  oxide  must  naturally 
be  decidedly  smaller  than  in  steel.  Hence,  in  approaching  the 
freezing-point,  pig-iron  cannot  form  as  much  carbon  monoxide 
as  steel  can.  The  solidification  of  pig-iron,  therefore,  is  accom- 
panied, not  by  a  sudden,  but  only  by  a  quiet,  liberation  of  ab- 
sorbed gases,  which  continues  until  the  iron  is  solid. 

That  molten  pig-iron  is  able  to  dissolve  some  ferrous  oxide, 


Size  of 

ore-Hole. 

cc. 

Gas  Obtained  Under 

Ordinary  Pressure. 

cc. 

61 

26.2 

55 

16.6 

61 

31.6 

58 

47.6 

48 

17.0 

55 

32.2 

53 

31.2 

65 

74.8 

55 

76.6 

"  E.  Miinker,  Stahl  und  EUen,  vol.  xxiv.,  p.  23  (1904). 
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which  in  cooling  reacts  with  carbon  to  form  carbon  monoxide, 
will  be  seen  from  the  analyses  given  above.  It  may  be  asked, 
why  this  carbon  monoxide,  even  though  less  abundant  than  in 
cooling  steel,  does  not  cause  the  formation  of  blow-hole  rings 
in  the  solidifying  iron — consisting  perhaps  of  smaller  indi- 
vidual blow-holes,  but  present  nevertheless !  The  answer  is 
found  in  the  sudden  passage  of  pig-iron  from  the  molten  to  the 
solid  state,  without  first  becoming  pasty.  It  is  the  pasty  steel, 
as  we  have  seen,  which  entangles  the  liberated  gases  in  its 
rapidly  growing  network,  and  (since  it  is  pasty  and  can  there- 
fore be  pushed  aside  somewhat)  allows  the  small  bubbles  of 
liberated  gases  to  accumulate  in  large  blow-holes.  Pig-iron 
does  not  know  such  a  pasty  state ;  it  does  not,  therefore,  catch 
the  liberated  gases  and  prevent  them  from  escaping,  but  stays 
fluid  until  the  last  moment,  when  it  becomes  solid.  The  liber- 
ated gases  can  therefore  escape  during  the  entire  period  of  ap- 
proach to  the  freezing-point,  and  no  intermediate  pasty  state 
holds  them  back  in  the  metal  before  the  freezing-point  is 
reached.  Those  gases  which  are  set  free,  in  greater  or  smaller 
quantity,  at  the  very  instant  of  freezing  can  never  give  blow- 
holes, either  in  pig-iron  or  in  high-  or  low-carbon  steel.  They 
will  remain  finely  disseminated  through  the  entire  mass  of 
metal. 

The  reasons  why  pig-iron  does  not  form  blow-holes  on  freez- 
ing are  therefore : 

(n)  Its  low  solvent  power  for  ferrous  oxide ; 

(o)  The  absence  of  a  pasty  state,  between  the  molten  and 
solid,  states. 

We  may  now  more  easily  understand  the  preventive  influence 
of  carbon,  manganese  and  silicon  on  the  formation  of  blow-holes. 
All  these  elements,  single  or  combined,  lower  the  melting- 
point  of  the  iron,  which  therefore  becomes  fluid  at  a  lower 
temperature.  As  to  the  degree  of  overheating,  carbon  especi- 
ally will  not  allow  the  metal  to  overstep  a  certain  temperature  in 
the  furnace.  It  is,  in  the  open-hearth,  the  true  temperature- 
regulator,  unerringly  and  immediately  acting,  when  the  tem- 
perature of  the  bath  is  unduly  high,  by  increased  oxidation 
and  consequently  lowering  of  the  temperature.  Carbon  and 
temperature  of  the  bath  must  always  be  in  equilibrium.  The 
more  carbon,  therefore,  the  steel  contains  the  lower  will  be  its 
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melting-point  and  its  temperature,  and  consequently  its  solvent 
power  for  ferrous  oxide,  B  ut  the  less  ferrous  oxide  the  steel  con- 
tains, the  more  certain  will  be  its  successful  destruction  by 
deoxidizing  additions,  and  the  smaller  the  danger  of  blow-holes. 
Moreover,  carbon,  just  like  silicon  and  manganese,  tends  to 
shorten  the  pasty  state  of  the  solidifying  steel,  thus  giving 
more  time  and  opportunity  for  the  escape  of  gases  before 
solidification.  For  this  reason  it  is  extremely  difficult  to  cast 
steels  low  in  carbon,  manganese  and  silicon  into  ingots  which 
do  not  contain  broad  rings  of  blow-holes.  Steels  high  in  car- 
bon, manganese  or  silicon  stay  perfectly  fluid  much  longer; 
the  pasty  state  is  considerably  shortened,  and  the  danger  of 
blow-holes  decidedly  lessened. 

By  adding  carbon,  manganese  and  silicon,  in  the  furnace  or 
in  the  ladle,  we  endeavor  to  destroy  the  ferrous  oxide  present 
in  the  metal.  This  destruction  is  assisted  by  the  increasing 
affinity  for  oxygen  which  these  elements  acquire  with  falling 
temperature  (while  that  of  iron  decreases  simultaneously),  and 
also  by  the  lowering  of  the  melting-point  of  the  metal,  which 
permits  them  to  act  with  increasing  intensity.  To  deoxidize 
steel  of  excessively  high  temperature  is,  therefore,  extremely 
difficult;  every  steel-maker  knows  that.  Only  when  the  steel 
has  the  right  medium  temperature  can  he  be  sure  of  success ; 
and  the  natural  consequence  is,  that  he  avoids  pouring  steel  too 
hot  into  the  molds,  knowing  that  it  will  still  contain  ferrous 
oxide,  in  spite  of  the  deoxidizing  additions  previously  made. 
The  temperature  of  the  steel  when  it  enters  the  mold  governs  its 
later  behavior  therein.  Kit  be  too  hot,  and  consequently  still 
have  ferrous  oxide  dissolved  in  it,  the  reactions  between  this 
compound  and  carbon,  manganese  and  silicon  will  continue 
while  the  metal  is  approaching  its  fireezing-point  in  the  mold, 
and  the  formation  of  blow-holes  is  inevitable.  Only  when  we 
tap  the  heat  at  the  right  temperature,  or  when  we  wait  until 
an  excessively  hot  heat  has  cooled  down  in  the  ladle,  so  that 
we  pour  at  a  good,  medium  temperature,  can  we  be  successful 
in  our  endeavor  to  destroy  overoxidation  in  the  steel  before 
it  enters  the  mold. 

Aluminum,  like  carbon,  manganese  and  silicon,  shortens  the 
pasty  stage  and  lowers  the  melting-point  of  the  cooling  steel. 
Like  them,  also,  it  destroys  ferrous  oxide  by  reducing  it  to 
metallic  iron.     It  is  much  stronger  in  this  action  than  man- 
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ganese.  One  part  of  manganese  reduces  1.8;  one  part  of 
aluminum  reduces  4.0;  and  one  part  of  silicon  reduces  6.14 
parts  of  ferrous  oxide.  Hence,  aluminum,  added  to  the  steel 
with  the  necessary  care  and  discretion,  would  be  a  much  bet- 
ter deoxidizer  than  miinganese.  But  to  add  aluminum  in  the 
mold,  when  it  is  practically  filled  to  the  top,  has  no  influence 
on  the  metal  underneath.  The  upper  layers  of  steel  in  the 
mold,  becoming  perfectly  deoxidized  by  the  added  aluminum, 
will  instantaneously  become  quiet.  No  gases  will  escape  vigor- 
ously from  these  upper  layers,  and  no  fresh  and  hot  steel  will 
consequently  rise  continuously  to  the  surface,  keeping  the 
ingot  there  open.  The  quiet  surface-metal,  losing  its  heat 
rapidly,  will  quickly  solidify  and  give  a  solid  ingot-top.  But 
underneath,  in  the  still  fluid  steel,  carbon  monoxide  gas  will 
continue  to  form,  and  will  liberate  hydrogen  and  nitrogen  in 
considerable  quantities.  Instead  of  escaping  from  the  ingot, 
these  gases  are  kept  back  in  it,  so  that,  in  the  slowly  solidi- 
fying steel  underneath,  many  blow-holes  are  formed.  A  con- 
tinuous addition  of  small  quantities  of  aluminum  to  the  steel 
while  pouring  it  into  the  mold  has  the  decided  disadvantage 
that  the  alumina  thus  formed  has  no  time  and  no  chance  to 
separate  out  on  the  surface.  The  formation  of  carbon  mon- 
oxide, and  with  it  the  separation  of  hydrogen  and  nitrogen, 
stops  practically  altogether,  so  that  the  alumina  molecules  find 
no  assistance  to  rise  to  the  surface  of  the  ingot.  They  re- 
main in  the  steel  and  make  it  short  and  brittle,  which  is 
practically  as  bad  as  to  have  dangerous  surface  blow-holes. 

The  only  place  to  add  aluminum  is  in  the  ladle.  Here  it  can 
do  its  beneficial  work  in  destroying  the  ferrous  oxide  in  the 
steel,  while  the  resulting  alumina  has  time  and  opportunity  to 
rise  through  the  fluid  steel  to  the  surface  and  to  become  harmless. 

The  often  heard  explanation  that  silicon  and  aluminum  render 
the  steel  more  porous  for  occluded  gases,  and  thus  prevent  the 
formation  of  blow-holes,  seems  to  be  not  only  far-fetched,  but 
also  incapable  of  proof.  I  consider  it  better  to  explain  the  ac- 
tion of  these  two  elements  from  a  purely  chemical  and  thermal 
standpoint,  as  I  have  done  above. 

Aluminum  absorbs  gases  (hydrogen)  when  in  the  molten  state. 
J.  W.  Richards^*  found   that   molten  aluminum  will  absorb 


^*  Aluminium:  Its  History,  Occurrence j  Properties,  etc.,  2d  ed.,  p.  66  (1890). 
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large  quantities  of  gas,  which  is  set  free  again  when  the  metal 
solidifies.  M.  Dumas  found  in  200  g.  of  solid  aluminum,  occu- 
pying 80  cc,  when  heated  in  vacuo^  89.5  cc.  of  gas  measured  at 
17°  C.  and  75  mm.  pressure.  The  gas  consisted  of  1.5  cc.  car- 
bonic acid  and  88  cc.  hydrogen.  Since  aluminum  takes  up 
gases  itself,  when  molten,  it  must  favor  the  absorption  of  gas 
by  steel,  when  present  therein. 

X.  The  Prevention  of  Blow-Holbs  by  Increase  and  Decrease 

OP  Pressure. 

Experience  of  our  daily  life  teaches  us  that  a  fluid  is  able  to 
absorb  and  keep  in  solution  more  gas  when  under  pressure.  A 
closed  bottle  filled  with  mineral  water  or  champagne  keeps  the 
liquid  under  quite  a  pressure,  due  to  the  disengaged  carbon 
dioxide  in  the  bottle,  which  presses  on  the  liquid.  No  sign  of 
carbon  dioxide  can  be  observed  in  the  liquid,  even  when  we 
shake  the  bottle  vigorously.  As  soon,  however,  as  the  bottle 
is  opened  the  pressure  is  released,  and  a  strong  evolution  of 
carbon  dioxide  all  through  the  liquid  takes  place.  Slowly  the 
liberation  of  gas  subsides,  and  after  some  time  ceases  altogether. 
If  we  now  connect  the  bottle  with  a  suction-pump  and  form  a 
partial  vacuum  over  the  liquid,  a  vigorous  renewed  liberation 
of  carbonic  dioxide  will  take  place.  In  the  same  way,  water 
which  has  ceased  to  boil  will  strongly  boil  again  without 
further  supply  of  heat  when  placed  in  a  partial  vacuum.  Ac- 
cording to  Bunsen,  for  the  same  gas,  the  same  liquid  and  the 
same  temperature,  the  weight  of  gas  absorbed  is  proportional 
to  the  pressure. 

Molten  iron  behaves  in  this  respect  like  a  true  liquid,  and  is 
therefore  able  to  keep  more  gases  in  bond  under  higher,  than 
under  ordinary  atmospheric,  pressure.  Hence  all  processes 
and  arrangements  which  put  solidifying  steel  under  pressure 
tend  to  prevent  the  formation  of  blow-holes.  In  such  a  freezing 
steel  the  point  of  solidification  is  raised  in  accordance  with  the 
pressure;  i.  e.,  the  liquid  steel  becomes  solid  sooner  under 
pressure  than  under  ordinary  circumstances.  This  more  rapid 
passage  from  the  liquid  to  the  solid  state  must  necessarily 
shorten  the  intermediate  pasty  state,  and  thus  hinder  the 
formation  of  blow-holes.  In  steel,  cooling  under  pressure,  the 
ferrous  oxide  will  be  only  partly  destroyed  by  carbon,  the  time 
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of  this  reaction  being  shortened.  Hence,  less  carbon  monoxide 
is  formed  and  a  smaller  quantity  of  other  gases  is  forced  oat  by 
the  escaping  carbon  monoxide.  Steel  solidifying  under  high 
pressure  will  therefore  exhibit  but  few  blow-holes.  The  gases 
did  not  have  time  to  accumulate  and  to  form  large  bubbles, 
but  remained  finely  disseminated  through  the  entire  mass  of 
steel. 

The  "Whitworth,"  " lUingworth,"  "Harmet"  and  "Wil- 
liams "  processes,  described  in  Professor  H.  M.  Howe's  paper, 
will  therefore  give  steel  comparatively  free  from  blow-holes. 

Molds  which,  like  the  so-called  "  bottle-top  "  molds,  are  so 
constructed  that  the  rising  steel  must  soon  press  against  a 
rigidly  closed  top,  will  give,  under  favorable  conditions,  ingots 
with  less  blow-holes  than  "  open-top  "  molds,  which  generally 
are  not  capped  until  the  steel  has  solidified  somewhat  around 
the  edges  of  the  top.  Arrangements  to  exert  a  pressure  on  the 
solidifying  steel  in  the  mold,  by  filling  the  space  between  ingot- 
top  and  mold-cap  with  steam  or  carbon  dioxide  and  thus  to  get 
ingots  free  from  blow-holes,  have  been  tried  extensively  in  this 
country  as  well  as  in  Europe.  So  far  as  I  am  aware,  however, 
they  are  nowhere  used  to-day. 

The  same  effect  as  that  of  increased  pressure  in  preventing 
blow-holes  would  be  obtained  if  the  pressure  over  the  liquid  or 
solidifying  steel  should  be  reduced.  In  that  case,  the  gases 
would  be  able  to  escape  in  much  larger  quantity  than  under  or- 
dinary pressure ;  the  remaining  steel  would  experience  a  con- 
siderable diminution  of  its  gas-content,  and  blow-holes  would 
consequently  be  less  liable  to  form.  Moreover,  the  reduced 
pressure  would  lower  the  melting-point,  keeping  the  metal 
fluid  for  a  longer  time,  and  would  consequently  assist  the  es- 
cape of  gases. 

XI.  Other  Arrangements  and  Propositions  to  Prevent  Blow- 
Holes  IN  Steel  Ingots. 
Starting  from  the  idea  that  any  liquid,  containing  occluded 
gases,  will  release  them  when  stirred  thoroughly,  W.  D.  Allen, 
of  Sheffield,  England,  employed  an  apparatus  by  which  he 
stirred  the  steel  in  the  ladle.  The  results  were  very  encourag- 
ing; the  steel  thus  stirred  gave  sound  ingots,  free  from  blow- 
holes.    This  idea,  however,  did  not  have  any  extended  adop- 
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tion  by  other  steel-plants,  owing  very  probably  to  the  fact  that 
such  a  stirring  necessarily  requires  a  very  hot  steel,  or  else  a 
heavy  skulling  of  the  stirring-arms  will  quickly  take  place. 
F.  Knaffl"  proposed  to  shake  the  mold  immediately  after 
pouring,  by  raising  a  little  the  stool  on  which  the  mold  rests 
and  dropping  it  again  on  a  solid  support.  Such  a  shaking  of 
the  steel  must  certainly  be  of  assistance  to  the  escaping  gases ; 
the  metal  will  solidify  with  less  blow-holes  than  if  allowed  to 
set  undisturbed. 

A  number  of  schemes  for  pouring  steel  in  a  partial  vacuum 
were  patented  years  ago,  but,  so  far  as  I  know,  never  tried  in 
practice.  The  evacuation  of  the  converter,  after  the  heat  is 
blown,  has  been  proposed  by  W.  Durfee  and  N.  B.  Wittmann. 

Sink-heads,  kept  fluid  for  some  length  of  time,  either  by 
making  the  upper  part  of  the  mold  less  conductive  of  heat,  or 
by  heating  the  sink-head  with  coke,  gas  or  electricity,  will  also 
allow  more  gases  to  escape  from  the  steel  and  will  therefore 
assist  in  the  prevention  of  blow-holes.  Such  sink-heads  are 
used  for  the  prevention  of  pipes  in  steel  ingots,  and  ingots  thus 
treated  will  doubtless  be  also  improved  as  to  blow-holes. 

The  idea,  introduced  by  Boulton,  of  pouring  a  continuous 
ingot  by  putting  always  a  new  "  open-top  "  mold  on  the  already 
partly  filled  mold,  and  thus  getting  ingots  fi-ee  from  blow-holes, 
has  been  in  practical  use  at  the  West  Bergen  steel-works. 
The  steel  in  the  lower  molds  had  opportunity  to  release  the 
largest  amount  of  its  liberated  gases  through  the  still  fluid 
metal  above,  with  the  consequence,  that  in  the  solidifying  steel 
but  a  small  quantity  of  gas  was  left,  which  was  unable  to  form 
blow-holes  of  appreciable  size  and  number. 

The  use  of  centrifugal  force  for  degasifying  liquid  steel  has 
been,  and  still  is,  employed  in  the  manufacture  of  car-wheels. 
The  very  great  difference  in  the  specific  gravity  between  liquid 
steel  and  gas  must  force  the  latter  out  of  the  molten  metal, 
when  put  under  the  influence  of  centrifugal  force.  No  doubt 
the  centrifugal  treatment  of  liquid  steel  before  it  enters  the 
molds  would  greatly  assist  in  the  manufacture  of  ingots  free 
from  blow-holes. 

To  sum  up :  the  means  for  the  prevention  of  blow-holes  in 
steel  ingots  are : 

"  German  patent  No.  48,874,  and  British  patent  No.  5,639  (1889). 
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1.  Medium  temperature  of  the  heat  during  the  last  period  of 
the  process  in  the  converter  or  open-hearth. 

2.  Careful  avoidance  of  overblowing  or  over-oreing  of  the 
heat ;  carefdl  boiling-out  of  the  last  portion  of  ore  added  to 
the  bath. 

3.  A  finishing  slag,  not  too  rich  in  oxygen  and  having  the 
proper  degree  of  fluidity. 

4.  The  destruction,  by  stirring  the  heat  before  tapping,  of  the 
ferrous  oxide  formed. 

5.  Addition  of  sufficient  deoxidizing  material  to  the  heat,  and 
the  allowance  of  sufficient  time  for  the  complete  separation  of 
the  manganese  protoxide,  silicate  of  manganese  or  alumina, 
thus  formed,  into  the  slag. 

Xn.  The  Damage  Done  by  Blow-Holbs  in  Steel  Ingots. 

We  must  distinguish  between  deep-seated  blow-holes  and 
those  which  lie  beneath  the  ingot-skin.  While  the  former  are 
practically  harmless,  since  they  are  not  aftected  by  the  oxidiz- 
ing influence  of  the  atmosphere,  and  will  not  cause  scrap  in 
rolling,  the  latter  are  decidedly  harmfiil  and  dangerous,  when 
they  are  arranged  so  closely  to  the  ingot-surface  that  they  are 
affected  by  the  oxidizing  influence  of  the  atmosphere,  and  ren- 
der the  ingot-surface  so  weak  that  it  cannot  withstand  con- 
traction, or  that  it  is  torn  apart  in  rolling. 

These  dangerous  blow-holes  must  be  prevented,  since  they 
are  doing  all  the  damage  to  the  ingot,  while  solidifying  in  the 
mold  and  in  rolling. 

An  ingot,  containing  a  broad  ring  of  blow-holes  close  to  the 
skin,  will  naturally  be  much  weaker  here  than  when  the  skin 
consists  of  solid  steel  of  considerable  thickness.  The  ingot, 
contracting  in  the  mold,  while  cooling  down,  will  already  be 
quite  cool  and  solid  in  the  four  corners,  while  the  four  sides, 
especially  in  the  middle,  are  still  very  hot  and  much  less  solid 
than  the  corners.  Contracting,  the  ingot  will  exert  a  tension 
on  these  sides,  since  it  cannot  yield  in  the  corners,  where 
naturally  great  friction  exists  between  ingot  and  mold.  The 
weaker  the  solid  skin  of  the  ingot  has  been  made  by  blow-holes, 
arranged  directly  underneath,  the  less  it  can  withstand  the 
heavy  pull  of  the  contracting  steel,  and  the  easier  the  ingot 
surface  will  therefore  be  torn  apart. 
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The  same  will  happen  when  the  steel,  by  running  between 
stool  and  mold,  forms  a  fin  of  solid  metal  at  the  bottom  of  the 
ingot.  The  steel  contracts  not  only  sideways,  but  also  verti- 
cally. At  the  bottom  the  fin  prevents  the  free  contraction, 
while  in  the  upper  part  the  ferrostatic  pressure  crowds  the  still 
plastic  steel  close  to  the  walls  of  the  mold,  causing  thereby 
heavy  friction  between  ingot  and  mold.  The  ingot-surface 
must  consequently  crack.  But  even  when  there  is  no  fin  of 
solid  steel  at  the  bottom  of  the  ingot  its  surface  may  crack, 
since  the  ingot,  while  pressed  against  the  walls  of  the  mold  in 
its  upper  part,  may  hang  itself  up  in  the  mold,  due  to  the  con- 
traction of  the  lower  part.  If  the  ingot-skin  is  weakened  by 
dangerous  blow-holes,  very  deep  and  bad  cracks  may  develop. 
Such  cracks  generally  lie  in  the  upper  part  of  the  ingot,  and 
are  more  likely  to  occur  in  ♦*  bottle-top  "  than  in  "  open-top  " 
molds. 

Blow-holes  which  are  separated  from  the  outside  air  by  a 
very  thin  solid  skin  only,  will  often  open  up  in  the  soaking-pit. 
Here  the  already  thin  skin  is  still  more  reduced  by  the  forma- 
tion of  scale  on  the  ingot,  while  the  heating  expands  the  gases 
in  the  blow-holes,  so  that  they  may  break  through.  Such  in- 
gots, coming  out  of  the  soaking-pit,  will  look  pitted.  Many 
blow-holes  have  been  opened,  and  the  air,  coming  in  contact 
with  the  sides  of  these  blow-holes,  will  oxidize  them.  Even 
when  the  blow-holes  are  still  covered  with  a  thin  layer  of  steel, 
the  rolling  will  easily  tear  apart  this  thin  solid  surface,  and 
many  fine  (often,  indeed,  large)  cracks  will  appear  on  the 
blooms.  These  cracks,  at  first  straight,  will  by  and  by  become 
V-shaped ;  their  sides  will  overlap ;  and  the  finished  product 
will  show  "  snakes  "  and  "  flaws."  Dangerous  blow-holes,  lying 
close  beneath  the  ingot-surface,  will  therefore  be  the  chief  cause 
of  scrap  in  the  rolling-mill  and  the  rejections  in  rail-plate  and 
other  mills. 

The  prevention  of  such  blow-holes,  even  at  considerable  ex- 
pense, will  pay  for  itself  by  lowering  the  percentage  of  scrap 
and  "  seconds,"  and  improving  the  quality  of  the  finished  prod- 
ucts. 


[36] 


BUBJECT  TO  RBVIBION. 

[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


The  Present  Source  and  Uses  of  Vanadium. 

BY  J.   KENT   SMITH,   PITTSBURG,   PA. 

(Toronto  Meeting,  July,  1907.) 

Vanadium  is  generally  spoken  of  as  a  rare  element;  but, 
even  in  the  light  of  our  resources  as  known  a  couple  of  years 
ago,  this  description  could  be  accepted  in  a  qualified  sense  only. 
In  fact,  vanadium  is  very  widely  distributed,  being  a  constitu- 
ent of  most  clays,  while  even  caustic  soda  has  been  shown  to 
contain  almost  regularly  a  minute  proportion  of  it,  although 
the  quantity  in  each  case  is  so  small  as  to  render  impracticable 
the  extraction  of  the  metal  therefrom  with  profit. 

The  opening-up  of  a  large  deposit  of  vanadium  sulphide  ore 
in  South  America  has  put  a  new  phase  on  the  commercial  out- 
look of  vanadium,  the  technical  value  of  which  for  the  im- 
provement of  steel  has  been  proved  by  rigorous  scientific  in- 
vestigation. 

This  sulphide  ore  has  the  following  analysis: 

Per  Cent. 

Vanadium  sulphide, 39.84 

Molybdenum  sulphide,  .        .    '    .        .        .        .1.57 

Nickel  sulphide, 1.49 

Iron  sulphide, 4.07 

Arsenic  sulphide, nil. 

Copper  sulphide, nil. 

Manganese  sulphide, nil. 

Free  sulphur, 30.67 

Phosphorus, nil. 

Silica, 13.60 

Alumina, 2.46 

Combined  water,  >  k  qq 

Carbonic  acid,       i 

Lime,  magnesia,  potash,  soda  ^  ^  ^^ 

and  unaccounted  for,  / ' 

100.00 

Being  a  free-burning  ore  it  is  calcined  with  ease,  losing  45 
per  cent,  of  its  weight  in  the  process.  The  calcined  ore  has 
the  following  analysis : 
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Per  Cent 

VanadicoxideCVjOj), 58.08 

Iron  oxide, 4.98 

Molybdenum  oxide, 2.62 

Nickel  oxide, 2.24  ' 

Arsenic  oxide, nil. 

Copper  oxide, nil. 

Manganese  oxide, nil. 

Phosphoric  acid, nil. 

Silica, 25.00 

Alumina, 4.52 

Lime,  magnesia,  potash,  soda,  etc, 2.56 

Sulphur, 0.23  per  cent. 

100.00 

The  deposit  is  situated  in  Peru,  South  America;  mining  con- 
ditions are  easy,  and  the  ore  is  transported  to  the  port  of  Callao 
by  direct  railway-communication  extending  almost  the  entire 
distance.  The  vanadium  claims  have  an  area  of  5.25  sq.  miles, 
being  3.5  miles  long  by  1.5  miles  wide.  A  large  proportion 
of  this  area  is  vanadiferous,  some  probably  owing  to  the  im- 
pregnation of  the  aluminous  earth  by  solutions  of  oxidized 
vanadium.  Five  distinct  veins  of  large  dimensions  have  already 
been  proved  on  the  property.  The  vein  at  present  being  worked 
has  a  width  of  16  ft,  and  has  been  opened  up  on  the  face  for 
a  distance  of  200  ft. ;  this  vein  dips  at  an  angle  of  65°,  and  by 
means  of  driving  a  tunnel  lower  in  the  face  of  the  hill  its  ex- 
istence in  its  pristine  richness  has  been  proved  140  ft.  back. 
The  working  is  done  by  means  of  "  levels." 

Previously  the  most  commercial  sources  of  vanadium  at  our 
disposal  were  the  Spanish  lead-ores.  These,  as  mined,  con- 
tain only  4  or  5  per  cent.,  but  by  primitive  processes  of  hand- 
dressing  could  be  concentrated  so  that  the  "heads"  contain, 
say,  12  per  cent.,  of  vanadic  oxide.  An  analysis  of  this  class  of 
ore  (vanadinite)  is  as  follows: 

Per  Cent. 

Vanadic  acid, 11.49 

Lead  oxide, 84.15 

Lead  sulphide, 1.43 

Ferrous  oxide, 13.17 

Manganese  oxide, 0.77 

Zinc  oxide, 0.62 

Molybdenum  oxide, trace 

Calcium  carbonate, 0.74 

Siliceous  matter, 36.67 

Silver, 3.5  oz.  per  ton. 
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The  ore  asually  contains  a  little  more  lead  and  less  siliceous 
matter,  and,  in  addition  to  the  components  shown,  my  invari- 
able experience  has  been  that  such  ores  contain  copper,  arsenic 
and  phosphorus.  Sometimes  the  percentage  of  copper  rises 
considerably;  e.g.j  in  chileite  we  have: 

Per  Cent. 

Yanadic  oxide, 13.50 

Lead  oxide 54.90 

Lead  chloride, 0.30 

Copper  oxide, 14.60 

Araenioua  oxide, 4.60 

Phosphoric  add, 0.60 

Sand  and  clay, 2.00 

Iron  peroxide,  alumina,  etc., 3.50 

Lime, 0.50 

LoflB  in  ignition, 2.70 

A  much  rarer  mineral,  descloizite,  containing  a  considerable 
amount  of  maganese  in  place  of  the  copper,  has  been  found  in  a 
crystallized  condition  and  in  comparatively  small  quantities. 
Its  analysis  shows: 

Per  Cent. 

Yanadic  oxide, 22.46 

Lead  oxide, 54.70 

Zinc  oxide, 2.04 

Copper  oxide, 90 

Manganous  oxide, 5.32 

Manganese  dioxide, 6.00 

Sand  and  clay, 3.44 

Iron  peroxide,  alumina,  etc., 1.50 

Loss  in  ignition, 2.20 

On  comparing  these  analyses,  the  value  of  the  sulphide-de- 
posit will  be  seen  at  once ;  since,  in  addition  to  the  practically 
inexhaustible  quantity  of  the  mineral  obtainable,  its  richness 
and  the  comparative  ease  with  which  the  vanadium  can  be  sepa- 
rated (as  opposed  to  the  separation  of  smaller  quantities  from 
complex  ores,  the  treatment  of  which  involves  the  removal  of 
lead,  copper,  arsenic,  phosphorus  and  zinc  in  addition  to  the 
siliceous  gangue),  make  it  a  great  commercial  consideration. 

Vanadium  is  a  silvery  white  metal  of  high  melting-point — said 
to  be  2,000°  C,  and,  at  all  events,  higher  than  the  melting-point 
of  platinum — so  that  its  commercial  use  in  the  metallic  form  is 
practically  restricted  to  its  use  as  a  refractory  metal  (in  the  fila- 
ments of  electric  lamps,  for  instance).  An  alloy  of  iron  with 
vanadium  in  the  proportion  of  two  parts  of  iron  to  one  part  of 
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vanadium  has  a  melting-point  of  1,375°  C,  or  one  more  than 
100°  C.  below  that  of  mild  steel ;  and  it  is  in  this  form  that  the 
metal  is  marketed  for  the  use  of  the  steel-maker. 

The  old  custom  of  judging  a  steel  by  its  resistance  to  static 
load,  and  the  amount  it  would  stretch  under  such  load,  gave  a 
certain  general  guide  as  to  the  behavior  of  metal  under  con- 
ditions of  engineering  practice  which  are  now  rapidly  being  left 
behind.  Even  under  these  conditions,  mysterious  failures  oc- 
casionally occurred,  which,  it  is  now  evident,  had  their  origin 
in  the  inability  of  the  metal  to  resist  strains  applied  in  a  totally 
different  manner  from  that  in  which  it  was  tested. 

As  the  requirements  of  modern  engineering  construction  be- 
came more  and  more  drastic  respecting  the  power  of  resistance 
to  rapidly-repeated  strains  and  shocks,  accompanied,  of  course, 
by  increased  demands  as  to  actual  strength,  the  old  test-con- 
ditions were  still  further  receded  from  in  practice ;  and  it  became 
necessary  to  resort  to  alloy-steels. 

Here  some  success  was  scored;  but  the  true  requirements 
were  nevertheless  lost  sight  of,  and  the  metal  was  still  judged 
almost  entirely  by  its  behavior  under  static  loads.  With  the 
same  ductility,  an  increase  in  the  strength  was  looked  upon  as 
the  one  desirable  thing,  although  it  is  now  recognized  that  this 
improvement  in  strength,  if  attained  at  the  expense  of  dynamic 
properties  in  the  original  steel,  is,  in  most  cases,  of  compara- 
tively little  use  to  the  engineer.  In  short,  we  lost  ourselves  in 
straining  after  something  which  we  did  not  want,  and  which  we 
attained  only  at  the  expense  of  something  we  did  want. 

Since,  in  modem  machine-construction,  and  especially  in 
those  parts  which  are  liable  to  failure  in  use,  we  require,  above 
all,  superior  resistance  to  repeated  stresses,  to  alternating  stres- 
ses, to  simple,  repeated  or  alternating  impacts,  and  to  fatigue 
(which  is  the  outward  and  visible  sign  of  intermolecular  vibra- 
tory deterioration),  a  new  field  has  been  opened,  and  in  this  field 
vanadium  has  been  found,  by  extended  experiment  and  practical 
experience,  to  be  uniquely  valuable.  As  to  static  properties, 
vanadium  intensifies  greatly  the  strengthening  effect  of  another 
ingredient,  such  as  chromium,  thus  enabling  the  proportion  of 
the  latter  to  be  so  reduced  as  to  avoid  "  poisoning  "  the  metal 
with  regard  to  desired  dynamic  qualities.  Moreover,  vanadium 
is  itself  highly  contributory  to  the  dynamic  excellence  of  mild 
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steel.  By  retarding  segregation,  it  renders  the  metal  particu- 
larly susceptible  to  enormous  improvement  by  tempering  and 
heat-treatment  generally.  By  virtue  of  this  characteristic,  steel 
can  be  "  automatically  "  rendered  highly  resistant  to  wear  and 
abrasion.  Again,  vanadium  toughens  steel;  confers  upon  it 
great  power  of  resistance  to  torsional  rupture ;  in  a  word,  en- 
dows it  with  increased  "  life  "  in  practical  use. 

Being  a  powerful  "  medicine,"  vanadium  is  used  in  small  doses 
only.  In  engineering-steels,  the  maximum  proportion  required 
seldom  exceeds  0.2  per  cent.  By  its  judicious  use,  combina- 
tions are  thus  made  possible  which  could  not  be  formed  without 
it,  and  which  permit  the  successful  fulfillment  of  complicated 
requirements,  whether  chiefly  static,  chiefly  dynamic,  or  divided 
more  or  less  equally  between  the  two  classes. 

These  varying  and  partially  contradictory  demands  must  all 
be  considered,  in  order  to  meet  modern  conditions ;  and  vana- 
dium is  the  only  substance  yet  known  to  us,  by  means  of  which 
they  can  be  successfully  satisfied.  How  it  meets  them  is  shown 
in  Table  I.,  which  contrasts  the  properties  of  vanadium  steel 
with  some  other  steels.  The  data  presented  in  this  table  were 
obtained  under  like  conditions  of  testing. 

The  great  industrial  importance  of  vanadium  being  thus  evi- 
dent, the  question  of  its  commercial  supply  becomes  a  vital  one. 
As  already  observed,  it  was,  until  recently,  classed  among  the 
"  rare  "  metals,  not  because  it  was  not  known  to  be  widely  dis- 
tributed, but  because  it  could  be  profitably  produced  in  few  lo- 
calities and  small  quantities  only.  The  development  of  the 
large  deposit  of  rich  vanadium  sulphide,  above  noted,  and  the 
erection  in  Pittsburg,  Pa.,  by  the  American  Vanadium  Co., 
which  owns  that  mine,  of  works  having  a  daily  capacity  of  2,000 
lb.  of  vanadium-alloys,  settles  the  question  of  commercial  supply. 

In  the  preparation  of  these  brief  notes,  I  am  indebted  to  Mr. 
J.  O.  Handy,  of  Pittsburg,  for  assistance  in  analytical  work. 
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The  Effect  of  High  Litharge  in  the  Crucible- Ass  ay 
for  Silver. 

BY  RICHARD   W.    LODGE,   BOSTON,  MASS. 
{Toronto  Meeting.  July,  1907.) 

In  the  crucible-method  of  assaying  ores  for  silver  a  certain 
amount  of  litharge  is  essential  to  supply  sufficient  lead  to  col- 
lect the  precious  metals.  The  object  of  this  paper  is  to  point 
out  that  the  use  of  a  large  excess  of  litharge  in  the  assay  of 
some  ores  will  give  results  for  silver  that  are  uneven  as  well 
as  low.  So  far  as  I  know,  however,  an  excess  of  litharge  does 
not  aflfect  the  results  obtained  in  the  crucible-assay  of  ores  for 
gold. 

The  main  reasons  for  using,  in  the  crucible-assay,  much 
more  litharge  than  is  required  to  give  the  necessary  lead  but- 
ton are:  1,  its  action  as  a  flux;  2,  its  action  as  a  desulphur- 
izer ;  and  8,  its  action  as  an  oxidizer,  especially  on  metals  like 
copper  and  nickel,  whereby  they  are  forced  into  the  slag  as 
oxides  and  thus  prevented  from  passing  into  the  lead  button. 

Hence,  by  the  use  of  much  litharge  in  the  crucible-assay 
more  ore  can  often  be  taken  than  in  the  scorification-process, 
and  a  lead  button  obtained  which  can  possibly  be  cupelled  at 
once  or  after  a  single  scorification.  The  method  is  specially 
advantageous  with  an  ore  carrying  much  copper  or  similar  im- 
purity and  poor  in  silver,  when  the  assayer  does  not  wish  to 
resort  to  a  wet-analysis  for  the  determination  of  the  silver. 

It  is  well  known  that  some  ores  give  better  results  when  as- 
sayed by  the  scorification-method,  while  others  give  better 
results  by  the  crucible-method. 

For  several  years  I  have  noticed  that,  when  much  litharge 
was  used  with  certain  sulphide  and  arsenical  ores,  the  results 
were  considerably  lower  than  when  the  scorification-method 
was  used. 

This  fact  was  more  forcibly  brought  out  in  connection  with 
certain  work  carried  on  this  year  by  Messrs.  H.  A.  Frame  and 
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F.  C.  Jaccard,  students  at  the  Massachusetts  Institute  of  Tech- 
nology, to  ascertain  the  best  method  of  assaying  the  rich  arseni- 
cal nickel-  and  cobalt-ores  from  Ontario,  Canada. 

The  following  are  some  results  obtained :  Ore  No.  2,687-2 
had  a  reducing-power  of  4.2  and  contained  M,  12.92;  Co, 
10.92;  and  As,  46  per  cent.  The  minerals  noticed  in  the  ore 
were  niccolite,  smaltite,  erythrite,  cobaltite  and  arsenopyrite. 


Charge  for  the  Cmclble. 

1 

Results. 

Ore. 

Sodium 
Bicarbon- 
ate. 

^;;^;ll..th«rge. 

Argols. 
(R.  P.  =  11) 

'  Lead 
Button. 

Silver  Found. 

Silver  in  SUg. 

AA.  T. 
AA.  T. 
AA.T. 

{6 

10 
10 

■^6 

10 

5 

io 

35 

80 

1     23 

1 

j     28 

Oz.  per 
g.          Ton. 
0.11615  2323 

0.11648  2329.6 

0.11272  2254.4 

Not  assayed. 

Not  assayed. 

52.4  oz. 

Ore  No.  2,687-6  consisted  chiefly  of  smaltite,  erythrite,  nic- 
colite and  arsenopyrite;  R.  P.  =  4.06;  Ni,  3.94;  Co,  11.25; 
and  As,  59.7  per  cent. 


Ore. 


AA.  T. 
AA.T. 


Sodium 
I  Bicarbonate, 


10 
10 


Borax-glass. 

Litharge. 

Argols. 

fo 

k 

h 

10 

80 

1.5 

Lead  Button,  i     Silver. 

I 


21 


g.  {Oz.  per  Ton, 

22        I      258.2 


241.2 


The  same  ore  assayed  after  amalgamation : 


AA.  T. 

30 

10 

30 

1.5    i 

1 

23 

229.8 

AA.T. 

10 

10 

35 

1.5 

23 

230.8 

AA.T. 

10 

10 

80 

1.6 

23 

220.2 

Subsequent  to  the  above  tests  I  made  further  investigations 
on  the  ores  tested  as  well  as  on  other  ores  and  obtained  the 
following  results:  Ore  No.  2,687-2;  R.  P.  =4.2;  Ni,  12.92; 
Co,  10.92 ;  and  As,  46  per  cent. 
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Scorificadon-Method.— Charge 

1 

Re6ults. 

Ore. 

Boraz-glBfis. 

Lead. 

810,. 

Lead  Batton. 

Silver. 

AA.T. 
AA.T. 

1- 

5 

65 

1^5 
1.5 

10 

Oz.  per  Ton. 
2330.4 

2338 

Crucible-Method. 


Ore. 

Sodium 
Bicarbonate. 

Borax-glass. 

Litharge. 

Argols. 
(R.  P.  =  11) 

Lead  Button. 

Silver. 

AA.T. 

fo 

% 

k 

1% 

l2 

Oz.  per  Ton. 
2333.2 

AA.T. 

10 

6 

35 

2 

30 

2330.8 

AA.  T. 

10 

6 

80 

1.5 

23 

2229.2 

AA.T. 

10 

6 

100 

1.6 

25 

2244.2 

Ore  A.     Chiefly  smaltite  and  niccolite  with  free  silver,  con- 
taining Ni,  5.06,  and  Co,  9.12  per  cent. 


Ore. 

Sodium 
Bicarbonate. 

Borax-glass. 

Litharge. 

Argols. 

Lead. 

Sliver 
In  Lead. 

Silver 
In  Slag. 

Oz.  per 
Ton. 
9.6 

Silver 
In  Cupel. 

AA.T. 

fo 

fo 

fo 

1*5 

ft 

Oz.  per 

Ton. 
2051.4 

Oz.  per 
Ton. 
34.0 

AA.T. 

10 

10 

40 

1.5 

21 

2056 

AA.T. 

10 

10 

40 

1.5 

21 

2050 

AA.T. 

10 

10 

80 

1.5 

30 

1968.6 

AA.T. 

10 

10 

80 

1.5 

22 

1944.6 

135.2 

35.0 

AA.T. 

10 

10 

80 

1.5 

21 

1984.8 

70.2 

34.6 

AA.T. 

10 

10 

80 

1.5 

21 

1914.8 

Ore  No.  2,703-1  consisted  of  smaltite,  native  bismuth  and 
native  silver  in  calcite ;  R.  P.  =  5 ;  Ni,  0.8 ;  Co,  8 ;  and  As,  55 
per  cent.  The  scorification-assay  gave  404.8  oz.  and  the  com- 
bination wet-and-dry  analysis  gave  403.7  oz.  of  silver  per  ton. 
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Crucible-Method. 


Ore. 

Sodium 
Bicarbonate. 

Bonz-gUas. 

Litharge. 

Argols.    ' 

1 

SUver 
in  Lead. 

Silver  in  Slag. 

AA.T. 
AA.T. 

fo 

10 
10 

1- 

6 
6 

& 
80, 
100 

1 

1.6 
1.6 

Or.  per  Ton. 
402.6 

388 

392 

0«.  per  Ton. 
Not  assayed. 

Not  assayed. 

11.8 

The  same  ore  after  amalgamation  gave,  by  the  scorification- 
assay,  292  and  291.2  oz.,  while  by  the  combination  wet-and-dry 
analysis  the  result  was  292.2  oz.  of  silver  per  ton. 


Cmcible-asBayB. 


Ore. 


I     Sodiom 
;  Bicarbonate. 


^f  A.  T. 

AA.T. 
AA.  T. 
AA.  T. 
AA.  T. 
AA.T. 


fo 

20 
20 
10 
10 
10 


Borax-glan. 

Litharge. 

Argols.     1 

1 

& 

h 

h    ! 

6 

36 

1.6       1 

6 

36 

1.5 

6 

60 

1.6       1 

6 

80 

1.6       ' 

1 

6 

100 

1.6 

Lead  Button.  \      Sily  er. 


ii 


26 
24 
26 
26 


lOs.  per  Ton. 


I 


292.8 

291.8 

288 

283.6 

279.8 


I  have  a  number  of  other  examples,  but  these  should  be  suf- 
ficient to  illustrate  the  fact  to  which  I  wish  to  call  attention. 
The  ores  used  carried  practically  no  gold. 

The  same  lot  of  litharge  was  used  in  all  the  fusions,  and  the 
conditions  under  which  the  fusions  were  conducted  were  as 
nearly  identical  as  possible.  Heavy  crystals  of  litharge  were 
found  on  all  the  cupels. 

Only  ^  A.  T.  of  ore  was  used  in  the  assays,  because  Messrs. 
Frame  and  Jaccard  found  that  in  case  of  ore  No.  2,687-2,  car- 
rying 12.92  per  cent,  of  nickel,  if  6  g.  of  ore  were  taken  and 
35  g.  of  litharge  were  used,  the  resulting  lead  button  would 
not  cupel.  If  5  g.  of  ore  were  taken  and  the  litharge  increased 
to  80  g.,  in  order  to  slag  the  nickel,  the  button  would  cupel 
but  the  silver-resultB  were  low. 

Some  ores  from  the  Cobalt  district  carry  so  large  a  percent- 
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age  of  nickel  that  ^^  A.  T.  of  ore  is  the  limit  that  can  be  used 
in  either  scorification-  or  crucible-work,  and  low  litharge  is 
inapplicable  in  the  latter  method.  The  following  ore  serves  as 
an  illustration :  Ore  No.  2,708-2,  niccolite  (NiAs);  R.  P.  = 
5.8;  Ni,  38.01;  Co,  1.19;  and  As,  58.81  per  cent 


Ore. 

Sodium  Bi- 
carbonate. 

Borax- 
gla«. 

Llthaige. 

SiO,. 

Algols. 

Ratloof  Litharge 
to  Nl  In  Ore. 

Lead. 

AA.T. 

fe 

fo 

lib 

% 

!• 

214  to  1 

24 

AA.T. 

15 

10 

120 

5 

None. 

107  to  1 

25 

AA.  T. 

15 

10 

120 

5 

Nitre-1 

54tol 

25 

The  lead  buttons  from  ^  and  ^  A.  T.  of  ore  would  not 
cupel,  both  cupels  being  covered  with  a  thick  film  of  green 
nickel  oxide  (NiO). 

The  lead  button  from  ^  A.  T.  of  ore  would  just  cupel,  leav- 
ing the  cupel  stained  green. 

One  of  the  advantages  of  the  crucible-method  is  that  it  en- 
ables the  assayer  to  use  a  larger  amount  of  ore  than  in  the  scori- 
fication-method,  but  from  the  foregoing  data  there  seems  to  be 
no  advantage  in  this  method  over  scorification  on  ores  carry- 
ing much  more  than  10  per  cent,  of  nickel.  When,  however, 
the  ores,  either  siliceous  or  calcareous,  are  poor  in  silver  and 
carry  only  a  small  percentage  of  nickel  or  similar  impurity,  the 
crucible-method,  with  low  litharge,  can  be  used  to  advantage. 

Cobalt  is  much  more  readily  slagged  than  nickel,  especially 
in  the  presence  of  alkali  and  silica,  and  does  not  so  readily  pass 
into  the  lead  button,  therefore  ores  quite  rich  in  cobalt  can  be 
assayed  by  the  crucible-method,  a  considerable  amount  of  ore 
be  used  and  the  litharge  kept  low. 

From  80  to  90  per  cent,  of  the  cobalt,  if  a  reasonable  amount 
of  ore  is  used,  will  pass  into  the  slag  in  either  scorification-  or 
crucible-work. 

It  is  a  question  with  me  as  to  the  cause,  in  certain  cases,  of 
the  uneven  and  low  results  in  silver  when  high  litharge  is  used 
in  the  crucible-assay,  but  apparently  the  silver  passes  in  some 
way  into  the  slag.  At  first  I  thought  that,  in  the  examples 
given,  either  the  arsenic,  the  nickel  or  the  combination  of  both 
was  the  cause,  but  this  was  not  true  of  all  ores.     Some  ores 
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carrying  considerable  nickel,  cobalt  and  arsenic  gave  good  re- 
sults as  well  as  an  ore  carrying  Co,  0.67 ;  Ni,  0.44 ;  and  As, 
0.6  per  cent,  in  a  gangae  consisting  of  silica  and  calcite. 

The  question  of  high  or  low  temperature  does  not  seem  to 
influence  the  slagging  of  the  silver  unless  this  takes  place  at 
some  particular  period  of  the  fusion.  Owing  to  this  uncer- 
tainty as  to  the  action  of  the  litharge,  I  prefer  the  scorifica- 
tion-method  for  ores  from  the  Cobalt  district  which  carry  much 
nickel,  using  ^  or  ^  A.  T.  of  ore,  from  8  to  8  g.  of  borax- 
glass,  high  lead  (65  g.  or  more),  with  some  silica  and  a  me- 
dium high  temperature.  K  obliged  to  use  the  crucible-method, 
I  keep  the  litharge  low  and  take  such  an  amount  of  ore  that 
both  high  litharge  and  nitre  are  avoided. 

K  all  ores  from  this  district  are  ground  very  fine,  thus  re- 
moving the  greater  part  of  the  silver  pellets,  it  is  surprising  how 
uniform  are  the  results  obtained  by  the  scorification-method — 
something  that  I  have  not  found  by  the  crucible-method  nor 
in  some  ores  when  using  0.5  A.  T.  for  the  combination  wet- 
and-dry  analysis. 

It  is  hoped  that  this  paper  will  bring  out  the  experiences  of 
some  other  assayers. 
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Zinc  Oxide  in  Iron-Ores,  and  the  Effect  of  Zinc  in  the 
Iron   Blast-Furnace. 

BT  JOHN  J.  PORTER,  CINCINNATI,  OHIO.* 

(Toronto  Meeting,  July,  1907.) 

Unusual  problems  have  arisen  at  certain  iron  blast-furnaces 
in  Virginia  through  the  fact  that  the  ore-supplies,  derived  from 
the  Oriskany  formation,  contain  from  a  trace  up  to  1  per  cent, 
of  zinc  oxide.  Since  the  technical  literature  bearing  on  this 
subject  is  very  scant,  the  following  notes,  based  on  personal 
experience,  will  probably  be  of  value  to  those  of  our  members 
who  are  interested  in  iron  blast-furnace  practice. 

The  course  of  zinc  through  the  blast-furnace  is  readily 
traced.  Entering  the  throat  as  zinc  oxide,  finely  dissemi- 
nated through  the  ore,  it  descends  unchanged  to  the  fusion- 
zone,  since  a  temperature  of  1,000°  C.  or  more  is  required 
for  its  reduction.  At  the  fusion-zone,  the  zinc  oxide  is  re- 
duced by  solid  carbon  to  metallic  zinc,  which  is  set*  free  as 
vapor  and  rises  with  the  ascending  gases  to  the  cooler  zones 
of  the  furnace.  In  cooling  through  the  range  of  tempera- 
ture* from  1,000°  to  500°  C.  the  zinc  is  re-oxidized  according 
to  the  reaction  Zn  +  CO,  =  ZnO  +  CO,  and  the  resulting 
zinc  oxide,  being  in  a  very  fine  state  of  division,  is  readily  car- 
ried along  by  the  ascending  gases.  Portions,  however,  de- 
posit on  the  descending  stock  and  are  carried  down,  again  to 
pass  through  the  same  cycle  of  changes.  Still  other  portions 
deposit  on  the  lining  of  the  stack,  and  gradually  form  hard 
masses  of  "  cadmia."  Of  the  remainder  of  the  zinc  oxide,  the 
greater  part  passes  out  of  the  furnace,  and  is  either  deposited 
in  the  down-comer,  dust-trap,  stoves,  boilers  and  flues,  or 
passes  through  the  chimney  into  the  atmosphere.  A  small 
portion  escapes  reduction  and  enters  the  slag  as  zinc  oxide, 
while  still  another  portion  is  absorbed  into  the  lining  of  the 
furnace. 

*  Associate  Professor  of  MetaUurgj,  Uniyersity  of  Cincinnati. 
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Although  a  quantitative  estimate  of  the  final  distribution  of 
the  zinc  oxide  charged  into  a  furnace  is  attended  with  much 
difficulty  and  uncertainty,  the  following  approximate  results, 
covering  a  period  of  six  months  at  one  plant,  may  be  of  in- 
terest. The  figures  are  percentages  of  the  total  zinc  oxide 
charged  into  the  furnace  during  the  period,  as  determined  from 
the  weight  of  ore  used,  and  the  average  percentage  of  zinc 
contained  therein : 

Per  Cent 

In  fumaoe-cadmia  (weighed), 8 

In  down-oomer  deposits  (weighed  ^ 9 

In  flae-cadmia  (weighed), 13 

In  flae-dust  (estimated), 9 

In  dust-catcher  dust  (estimated), 8 

Absorbed  in  hearth-  and  bosh-lining  (weighed),        ...       4 

Absorbed  in  in  wall- lining  (estimated), 5 

Eliminated  in  slag  (calculated), 12 

Lost  at  furnace-top  through  the  lowering  of  bell  (calculated),  .       9 
Unaccounted  for  and  error,  in  stoves,  boilers,  chimney-flues,  and 

lost  through  draft-stack  (difference), 23 

The  difliculties  which  arise  from  the  presence  of  zinc  in  the 
blast-furnace  may  be  divided  into  three  classes,  according  to 
the  causes : 

(1)  Mechanical  action ;  (2)  physical  action;  and  (3)  chemical 
action. 

1.  Mechanical  Action. — Under  this  head  are  such  troubles  a& 
the  choking  of  the  stove-checkers  and  gas-flues  by  the  zinc 
oxide  dust,  and  the  obstruction  of  the  down-comer  and  furnace- 
throat  by  cadmia  formations.  These  formations  are  of  consid- 
erable interest,  and  have  been  noted  in  technical  literature.^ 
They  form  a  ring  adhering  to  the  lining  just  below  the  point 
where  the  stock  strikes  in  charging,  which  frequently  attains 
suflicient  thickness  to  obstruct  seriously  the  passage  of  the 
stock  and  gases.  In  furnaces  having  a  single  point  of  take- 
off' for  the  gases  the  tendency  is  for  the  cadmia  to  deposit 
chiefly  on  the  side  opposite  this  point,  which  destroys  the 
symmetry  of  the  stock-line  and  causes  an  uneven  distribution 
of  the  stock,  with  all  its  attendant  evils. 

^  Taylor,  A  Blast  Furnace  Problem  with  Zinc,  EngtMoring  and  Miming  Journal, 
vol.  Ixvii.,  p.  469  (1899) ;  Means,  The  Flue-Dust  of  the  Furnaces  at  Low  Moor, 
Va.,  Trans.,  xvii.,  129  to  131  (1888-89)  ;  Firmstone,  Kote  on  a  Deposit  of  Cadmia 
in  a  Coke-Furnace,  Trans.,  vii.,  93  to  99   (1878-79). 
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The  cadmia  has  a  stratified  structure,  is  greenish  gray  in 
color,  is  exceedingly  hard,  heavy  and  tough,  and  closely  resem- 
bles the  mineral  zincite  in  all  physical  properties.  It  usually 
contains  from  85  to  90  per  cent,  of  ZnO,  and  from  0.5  to  1  per 
cent,  of  metallic  zinc. 

In  the  early  days  of  the  iron  industry  of  Virginia,  these  cadmia 
deposits  were  not  recognized  as  having  any  value,  and  large 
quantities  were  thrown  on  the  dumps.  The  application  of 
chemistry  to  blast-furnace  practice,  however,  caused  the  value 
of  the  cadmia  to  be  recognized,  and  now  it  is  considered  an 
asset  of  sufficient  importance,  when  recovered,  to  offset  largely 
the  difficulties  attending  its  presence  in  the  furnace. 

The  prevention  of  the  difficulties  due  to  mechanical  action 
is  quite  simple,  and  for  the  most  part  very  effective.  Two- 
pass  stoves,  with  wide  checkers  and  overhead  flues,  practically 
eliminate  any  troublesome  clogging.  A  down-comer  of  ample 
size  and  proper  inclination  will  usually  remain  free  from  ob- 
structions during  an  average  blast,  while  if  an  obstruction 
should  form,  a  stop  of  a  few  hours  will  suffice  to  cut  out  the 
cadmia  at  the  throat,  where  it  deposits  the  thickest. 

The  removal  of  the  cadmia  formed  in  the  furnace  itself  is 
more  difficult.  The  old-time  remedy  was  to  blow  out  the 
furnace  every  six  months  and  remove  the  deposits.  A  varia- 
tion practiced  by  some  adventurous  furnace-men  was  to  bank 
the  furnace  and  cut  out  the  cadmia  from  a  swinging  scafibld, 
but  in  this  case  it  is  needless  to  say  that  the  work  was  not  ac- 
complished without  the  "  gassing  "  of  every  one  employed  on 
the  job. 

In  recent  practice  encouraging  results  have  been  obtained 
by  the  use  of  cast-iron  stock-linings.  The  zinc  oxide  appar- 
ently does  not  adhere  to  the  iron  with  any  considerable  tenac- 
ity, and  any  thin  coating  that  forms  is  cracked  off,  leaving 
the  plates  clean.  Water-cooled  plates  also  have  been  tried,  but 
they  are  no  more  effective  than  the  plain  ones,  while  they  are 
quite  liable  to  crack  and  allow  the  water  to  leak  into  the  stack 
and  backing.  In  one  case  this  leakage  caused  a  serious  scaf- 
fold, the  cause  of  which  remained  unsuspected  for  some  time. 

One  result  of  the  cast-iron  stock-lining,  which  was  not  antici- 
pated, was  the  formation  of  a  cadmia-deposit  on  the  brick  lin- 
ing lower  in  the  frirnace.     It  had  been  thought  that  the  wear 
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of  the  stock  would  prevent  any  accumulation  there,  but  in  one 
instance  which  came  to  my  notice  a  zinc  ring,  about  1  ft.  thick 
and  8  ft.  wide,  was  found  at  this  point  after  a  blast  of  nine 
months.  The  deposit,  however,  was  much  smaller  than  would 
have  formed  if  the  iron  plates  had  been  omitted ;  moreover,  its 
thickness  was  nearly  uniform,  so  that  there  was  but  little  etfect 
on  the  distribution  of  the  stock. 

2.  Physical  Action. — ^Under  this  head  are  included  the  disturb- 
ances due  to  the  absorption  of  heat  by  masses  of  zinc  oxide 
which  reach  the  hearth.  These  masses  may  come  either  from 
a  cadmia-deposit  at  the  stock-line,  or  from  a  scaftbld  or  other 
accumulation  lower  in  the  furnace.  In  explanation  of  this 
latter  assertion  it  should  be  said  that  zinc  oxide  possesses  the 
power  of  entering  into  these  accumulations  to  an  almost  in- 
credible extent,  and  greatly  augments  the  difficulties  due  to 
them.  It  is  not  generally  so  recognized,  but  I  believe  that 
zinc  oxide  not  only  enters  into  the  scaffold  after  its  formation, 
but  also  very  greatly  increases  the  tendency  to  form  these  ac- 
cretions ;  my  opinion  being  based  largely  on  the  great  tenacity 
with  which  zinc  oxide  adheres  to  the  lining. 

In  an  earlier  article  on  this  subject,*  I  took  the  ground  that 
a  "  zinc-slip,'*  or  fall  of  zincy  material  to  the  hearth,  would 
have  no  material  effect  on  the  working  of  the  furnace,  my 
opinion  being  based  on  calculations  of  the  theoretical  heat-ab- 
sorption caused  by  the  fall  of  one  ton  of  cadmia-deposit.  Later 
experiences  have  caused  me  to  modify  this  view  to  some  extent. 
It  is  probably  true  that  a  fall  of  cadmia-deposit  coming  at  a 
time  when  the  ftirnace  is  hot  will  cause  only  a  slight  chilling, 
and  will  not,  as  a  rule,  affect  the  grade  of  the  iron.  The  fall 
of  a  scaffold  or  scab  containing  a  large  proportion  of  zinc,  how- 
ever, is  a  more  serious  matter,  since  the  heat  demanded  for  the 
reduction  and  volatilization  of  the  zinc  is  taken  from  the  hearth 
of  the  furnace  at  the  time  when  it  can  least  be  spared. 

After  a  heavy  slip  of  this  character  the  cinder  comes  up 
black  and  glassy,  fumes  strongly  of  zinc  oxide,  and  shows  little 
blue  flames  of  burning  zinc  as  it  runs  down  the  gutter.  The 
gas  at  the  top  of  the  furnace  when  the  bell  is  lowered  burns 
with  a  white  flame  and  gives  oft'  dense  yellow  fumes  of  zinc 

*  Irm  Age,  Mar.  24,  1904,  p.  10. 

[4] 


ZINC   OXIDE   IN   IRON-ORES.  743 

oxide.  At  some  of  the  older  furnaces,  having  badly-cracked 
crucible-jackets,  it  is  not  uncommon  to  find  metallic  zinc  ooz- 
ing out  of  the  cracks  at  such  times.'  The  change  in  the  con- 
dition of  the  furnace  takes  place  very  suddenly;  and,  as  a  rule, 
the  greater  portion  of  the  zinc  is  eliminated  from  the  hearth 
within  8  or  4  hr.  There  is  usually  a  second  less-marked  ap- 
pearance of  zinc  in  the  hearth  about  10  or  12  hr.  after  the 
first  one,  and  occasionally  a  third  after  still  another  interval. 
These  I  attribute  to  the  deposition  of  a  portion  of  the  zinc  as 
oxide  upon  the  stock  at  a  certain  zone  in  the  furnace,  whereby 
it  is  returned  to  the  hearth.  I  have  never  been  able  to  detect 
zinc  in  the  cast-iron  made  during  these  periods,  and  it  only 
enters  the  slag  to  the  extent  of  a  few  hundredths  of  1  per  cent., 
or  but  slightly  in  excess  of  the  normal  amount.  This  seems 
rather  remarkable,  and  I  am  at  a  loss  to  explain  it  satisfactorily. 
The  cooling-eflfect  exerted  by  the  zinc  oxide  in  the  hearth  of 
the  furnace  is  made  up  as  follows :  heat  necessary  to  raise  the 
temperature  of  the  zinc  oxide  from,  say,  800®  C.  to  1,300®  C. ; 
heat  absorbed  by  the  reduction  of  zinc  oxide  by  carbon ;  latent 
heat  of  fusion  of  the  resulting  zinc,  and  latent  heat  of  evapora- 
tion of  the  zinc.  (Since  the  subsequent  condensation  and  re- 
oxidation  of  the  zinc  take  place  in  the  higher  zones  of  the 
furnace,  the  heat  developed  is  not  available  in  the  hearth  and 
need  not  be  considered  here.)  Based  on  a  quantity  of  1  lb.  of 
zinc  oxide,  the  loss  of  heat  in  pound-calories  in  the  items  just 
enumerated  is : 

Calories. 

Sensible  he«t  absorbed,  0.15X500, 75 

Heat  of  reduction,  1051  —  356, 696 

Latent  heat  of  fusion, 22.5 

Latent  heat  of  evaporation  (approximately),  .      425 

Total, 1,217.5 

Assuming  that  1  lb.  of  coke  in  the  blast-furnace  develops 
8,800  calories,  it  is  evident  that  0.32  lb.  of  coke  will  be  neces- 
sary to  furnish  the  1,217.5  calories,  while  an  additional  0.148  lb. 
of  carbon,  or,  say,  0.166  lb.  of  coke,  is  consumed  in  the  reduc- 
tion reaction,  making  a  total  of  0.485  lb.  of  coke  for  1  lb.  of 
zinc  oxide. 

•  See,  also,  Firmstone,  Note  on  a  Deposit  of  Cadmia  in  a  Coke-Famace,  Trans, , 
vii.,  93  to  99  (1878-79). 
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In  order  to  prevent  any  possible  misunderstanding,  it  should 
be  noted  that,  while  these  figures  refer  to  the  heat  lost  to  the 
hearth  of  the  furnace,  the  calculations  given  in  my  former 
paper,  previously  referred  to,  deal  only  with  the  heat  lost  to 
the  furnace  as  a  whole.  This  is  the  chief  cause  of  the  consid- 
erable difterence  in  the  two  results. 

The  only  method  which  has  been  developed  to  correct  this 
disturbance  is  the  crude  one  of  charging  extra  fuel  upon  the  first 
indications  of  a  "  zinc-slip."  Probably  in  this  case  "  an  ounce 
of  prevention  is  worth  a  pound  of  cure,"  and  extreme  care  to  pre- 
vent the  formation  of  scaffolds  would  be  of  more  benefit  than 
anything  else.  It  is  unfortunate,  therefore,  that  the  poor  blow- 
ing-equipment and  the  absence  of  proper  stocking-facilities  at 
many  of  the  plants  in  Virginia  cause  them  to  run  irregularly,  and 
render  them  particularly  liable  to  this  form  of  trouble. 

3.  Chemical  Action. — Under  this  head  may  be  discussed  the 
action  of  zinc  oxide  on  the  fire-brick  lining  of  the  furnace.  It 
is  unusual  for  a  furnace  in  this  district  to  run  more  than  a  year 
without  relining  the  hearth  and  bosh,  and  although  not  gen- 
erally so  recognized,  I  believe  that  the  presence  of  zinc  oxide  is 
the  chief  cause  of  this  deterioration.  An  examination  of  the 
lining  remaining  in  these  furnaces  after  blowing-out  reveals  the 
following  faets:  The  bricks  in  the  hearth  and  lower  part  of  the 
bosh  are  very  soft  and  of  a  greenish-black  color.  They  contain 
considerable  carbon,  and  40  per  cent,  or  more  of  zinc  oxide, 
while  small  yellow  crystals  of  the  zinc  oxide  are  abundant. 
Higher  up  in  the  furnace  the  bricks  are  firmer,  and  contain 
less  zinc  oxide  and  carbon,  while  above  the  mantle  the  structure 
is  unchanged,  but  the  color  is  deep  blue.  Analysis  shows  only 
a  trace  of  carbon,  with  about  20  per  cent,  of  zinc  oxide.  The 
blue  color  is  commonly  attributed  to  zinc  by  the  furnace-men 
of  the  district,  but  as  I  have  noticed  it  in  other  furnaces  not 
using  zincy  ores,  I  am  disposed  to  attribute  it  to  the  presence 
of  titanium  in  the  brick.  The  researches  of  Dr.  Seger  have 
shown  that  titanic  acid  gives  a  blue  color  to  kaolin  when  heated 
to  a  high  temperature,  and  it  is  well  known  that  many,  if  not 
most,  of  our  fire-clays  contain  appreciable  amounts  of  this  ele- 
ment. 

Dr.  Steger,in  an  investigation  of  the  cause  of  the  disintegra- 
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tion  of  zinc-muffles,*  found  that  the  zinc-vapors  attack  the  clay 
substance  according  to  the  reaction  AljOg,  2SiOj  +  Zn  +  COa  = 
AljO,,  ZnO  +  CO  +  2SiO„  forming  zinc-spinel  and  tridymite. 
Willemite  (2ZnO,  SiO,)  is  also  formed.  Dr.  Muehlhauser  finds 
that  the  formation  of  zinc-spinel  takes  place  principally  when 
the  muffle  is  still  new  and  porous.  The  absence  of  a  glaze  on 
the  side  next  to  the  fuel  allows  the  gases  to  diffuse  into  the 
walls  of  the  muffle,  where,  meeting  the  zinc-vapors,  the  reaction 
takes  place. 

The  work  of  Dr.  Steger  and  Dr.  Muehlhauser  affords  a  very 
olear  explanation  of  the  action  of  zinc  on  the  iron  blast-furnace 
lining,  although  it  does  not  account  for  the  presence  of  finely- 
divided  carbon  or  of  free  zinc  oxide.  This  latter,  however,  prob- 
ably results  from  the  fact  that  the  lining  is  considerably  cooler 
than  the  hearth-space,  permitting  the  oxidation  of  zinc  by  car- 
bon dioxide.  It  is  assumed  that  zinc-spinel  forms  at  temper- 
atures above  the  reduction-point  of  zinc  oxide,  which  is  more 
than  1,000°  C,  and,  this  being  true,  the  clay  would  be  attacked 
on  the  interior  surface  of  the  lining  with  a  formation  of  zinc- 
spinel,  while  farther  out,  where  cooler  from  radiation,  there 
would  be  deposition  of  zinc  oxide  without  disintegration  of  the 
brick.  It  is  actually  found  that  the  bricks  on  the  inner  surface 
of  the  furnace  are  badly  disintegrated,  have  lost  all  trace  of  the 
original  structure,  and  are  so  soft  that  they  can  be  crumbled 
between  thumb  and  fingej  7hile  farther  back  the  structure  of 
the  brick  begins  to  show ;  it  is  harder,  and  the  yellow  crystals 
of  zinc  oirtde  are  abundant.  These  observations  show  that 
theory  and  fact  are  in  close  agreement. 

So  fiir  as  I  am  aware,  no  experiments  have  been  tried  with  the 
object  of  reducing  the  action  of  the  zinc  on  the  lining  of  the 
iron  blast-furnace.  It  is  improbable  that  anything  could  be 
done  with  a  glaze,  since  the  wear  of  the  lining  is  comparatively 
rapid.  A  series  of  experiments  to  show  the  relative  resistance 
of  the  various  brands  of  fire-bricks  to  the  action  of  zinc-vapors 
would  undoubtedly  lead  to  beneficial  results,  and,  in  view  of 
the  possibility  of  lengthening  the  life  of  the  lining,  and  thereby 
securinga  longer  campaign  for  the  furnace,  it  seems  well  worth 
while  to  undertake  the  experiments  suggested. 

*Tomndu8trie  ZeUung,  abstracted  in' the  Transactions  of  the  American  Ceramic 
SoeUty,  voL  vii.,  p.  277  (1905). 
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Chlorination  of  Gold-Ores;  Laboratory-Tests. 

BT  A.    L.   SWEETSER,   CANANEA,   SONORA,   MEXICO. 

(New  York  Meeting,  April,  1907.) 

I.  Introduction. 

Experience  has  shown  how  difficult  it  is  to  obtain  informar 
tion  regarding  laboratory-tests  in  connection  with  the  chlorina- 
tion-process  for  the  extraction  of  gold  from  its  ores,  and  I 
therefore  present  the  following  method,  somewhat  in  detail, 
for  the  benefit  of  those  who  may  desire  to  pursue  research 
work  in  this  field. 

The  ore  chosen  was  a  partly-decomposed  porphyry,  extremely 
siliceous  and  comparatively  soft,  and  of  an  average  value  per 
ton  of  from  $26  to  $26  in  gold  and  $0.68  in  silver.  The  chemi- 
cal analysis  gave:  Fe,0„  3.35;  FeS,  1.5;  MnO„  0.75;  ZnCO,, 
4;  A1,0„  3.20;  H,0,  0.7 ;  SiO,  and  insol.,  83.50  per  cent. 

The  ore,  first  crushed  to  pass  a  5-mesh  screen,  was  coned 
and  quartered  until  a  45-lb.  sample  was  obtained.  Samples  for 
assay  and  analysis,  taken  from  this  lot  by  means  of  riffles,  were 
crushed  to  pass  a  100-mesh  screen.  The  original  sample  was 
divided  into  10-lb.  lots,  of  which  one  was  crushed  to  pass  a  10- 
mesh  screen;  another  through  a  12-;  the  third  through  a  20-, 
and  the  last  through  a  30-mesh  screen. 

Because  of  the  production  of  an  excessive  quantity  of  fine 
material  it  was  deemed  inexpedient  to  crush  finer  than  80-mesh 
size — a  decision  the  wisdom  of  which  is  proved  by  the  data  in 
Table  I.,  showing  the  increasing  ratio  of  slimes,  in  proportion 
as  the  ore  is  crushed  finer. 

In  order  to  determine  the  percentage  of  fines  in  the  sizes  of 
mesh  selected,  a  weighed  sample  of  ore  was  taken  from  each 
mesh,  and  a  sample  from  the  10-mesh  lot  was  passed  succes- 
sively through  20-,  40-  and  100-mesh  screens,  and  the  percent- 
age remaining  on  each  screen  determined.  This  process  was 
repeated  with  the  12-,  20-  and  30-mesh  lots,  with  the  results 
given  in  Table  I. 
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Table  L — Screen-Analysis  of  Crushed  Sample. 


Size  of  Mesh. 

Held  on  20. 

Held  on  40. 

Held  on  100. 

Passed  100. 

10 
12 
20 
30 

Per  Cent. 
63 
45 

Per  Cent. 

1             13 

1            23 

o3 

32 

Per  Cent. 
11 
16 
24 
33 

Per  Cent. 
13 
16 
23 

35 

II.  Roasting. 

When  the  analysis  was  complete,  some  of  the  ore  was  chlori- 
nated in  a  manner  to  be  explained  later,  and  it  was  found  that 
no  practically  important  extraction  could  be  obtained,  due  to 
the  fact  that  the  sulphur  absorbed  a  large  part  of  the  chlorine 
and  that  the  gold  was  not  in  a  suitable  form  to  be  attacked  by 
chlorine.  In  order  to  reduce  the  sulphur  to  a  working-limit 
(about  0.2  per  cent.),  it  was  necessary  to  roast. 

For  preliminary  roasting,  a  small  amount  of  ore  in  scorifiers 
was  put  in  a  muffle  and  the  heat  gradually  raised,  the  total  time 
of  roasting  being  2,  8  and  4  hr.  Table  II.  shows  that  the  ore 
was  roasted  within  the  0.2  per  cent,  limit  of  sulphur  at  the  end 
of  3  hr.,  and  dead  roasted  at  the  end  of  4  hr. 

Table  II. — Elimination  of  Sulphur  by  Roasting. 


Size  of  Mesh. 

2Hr.                 j 

3Hr. 

4Hr. 

Per  Cent. 

Per  Cent. 

10 

0.18 

0.08 

trace 

12 

0.24 

0.18 

trace 

20 

0.31 

0.17 

trace 

30 

0.26 

0.19 

trace 

The  3-hr.  roast  was  taken  as  the  one  on  which  to  work,  and 
in  roasting  the  ore  for  the  chlorination-tests,  roasting-dishes 
were  placed  in  a  muffle,  the  door  of  which  was  kept  open,  the 
heat  being  gradually  raised  to  redness ;  the  endeavor  being  to 
maintain  as  great  a  heat  as  possible  without  sintering  the  ore. 
A  number  of  results  obtained  from  the  3-hr.  roasts  were  not 
altogether  satisfactory,  and  the  time  of  roasting  was  lengthened 
to  4  hr.,  which  practically  corresponds  to  a  dead  roast, 

ni.  Chlorination. 
The  chlorination  proper  was  carried  out  in  the  following 
manner  in  soda-water  bottles :  The  chloride  of  lime  was  first 
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weighed  and  charged.  Then  the  100  g.  of  ore  was  introduced, 
and  water  in  sufficient  quantity  to  give  the  ore  the  consistency 
of  mud.  Finally,  the  sulphuric  acid  was  charged  and  the  bot- 
tle sealed  by  pulling  the  patent  stopper  in  place,  inserting  a 
wooden  wedge  to  tighten  it,  and  filling  the  neck  with  melted 
paraffine.  It  was  necessary  to  conduct  this  operation  with  care 
and  rapidity,  and  to  avoid  all  agitation,  because  the  chlorine 
soon  began  to  bubble  up  through  the  paraffine  if  the  latter  did 
not  solidify  immediately.  It  is  advisable  to  have  the  bottles 
perfectly  dry  before  charging  the  chloride  of  lime,  so  as  to  avoid 
the  premature  generation  of  chlorine. 

The  bottles  were  placed  in  an  agitator,  and  rotated  for  the 
required  time.  This  agitator  consists  essentially  of  a  circular 
disk  2  in.  in  thickness  and  12  in.  in  diameter.  The  bottles  were 
secured  by  rubber  bands  in  six  semicircular  notches  around  the 
periphery.  The  disk  lies  in  a  plane  inclined  to  its  axis  of  rota- 
tion at  an  angle  of  80°,  and  is  connected  by  belt  to  a  ^^-h.p. 
motor,  which  furnished  ample  power ;  80  rev.  per  min.  was  the 
average  speed  at  which  the  tests  were  made. 

In  the  first  series  of  experiments,  on  unroasted  ore,  with  2  g. 
of  chloride  of  lime  and  4  g.  of  sulphuric  acid,  the  samples 
were  agitated  for  1  and  2  hr.  by  hand.  In  the  second  and  all 
subsequent  tests  the  agitator  was  used.  The  second  series  was 
on  ore  roasted  for  3  hr.,  with  2  g.  of  chloride  of  lime  and  4  g. 
of  sulphuric  acid,  the  agitation  lasting  1,  2,  3,  4  and  5  hr,,  re- 
spectively. These  gave  results  which,  though  a  great  improve- 
ment over  those  on  unroasted  ore,  were  not  entirely  satisfac- 
tory. 

IV.  Leaching. 

In  each  case,  as  soon  as  the  time  of  chlorination  was  com- 
plete,  the  bottles  were  opened  and  the  excess  chlorine  allowed 
to  escape ;  then  the  ore  was  leached  or  filtered  in  sand-filters 
constructed  as  follows :  A  common  acid-bottle,  upside  down, 
with  the  bottom  removed  and  a  stopper  with  a  pinch-cock  in- 
serted in  the  neck,  formed  the  percolator.  Pure  quartz  was 
crushed  and  screened  to  pass  10-,  20-  and  30-mesh  screens,  re- 
spectively. A  few  pebbles  larger  than  lO-mesh  size  were  placed 
in  the  bottom,  above  which  was  a  layer  1  in.  thick  of  quartz  of 
10-mesh  size,  then  0.75  in.  of  20-mesh,  and  lastly  0.5  in.  of  80- 
mesh  size,  and  above  the  uppermost  layer  was  placed  a  cloth,  to 
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catch  the  ore,  and  thus  preserve  the  tailings.  Too  much  fine 
sand  prolonged  the  term  of  filtration  excessively,  while  too  much 
coarse  material  allowed  the  fines  of  the  ore  to  pass  through  the 
filter.  It  was  found  impossible  to  recover  all  the  fines  in  the 
tailings  for  assay-purposes,  since  a  portion  passed  through  the 
cloth.  In  some  cases  a  portion  of  the  fines  was  caught  in  the 
sand,  while  in  others  the  fines  passed  into  the  filtrate.  It  was 
found  that  to  remove  all  traces  of  gold  chloride  from  the  tail- 
ings each  100-g.  charge  required  about  700  cc.  of  wash-water, 
which  is  equivalent  to  about  14,000  lb.  of  water  per  ton  of 
ore.  In  practice  this  amount  of  water  would  be  considered 
excessive,  and  would  increase  the  number  of  settling-tanks  and 
precipitating-vats  to  such  an  extent  as  to  increase  seriously  the 
working-cost  The  small  sand  percolator  acts  like  the  paper 
filter  used  in  chemical  work,  the  water  being  drawn  through  the 
cloth  along  the  glass,  without  coming  in  contact  with  the  ore, 
while  in  the  barrel  the  water  must  pass  through  the  whole  body 
of  ore  before  reaching  the  filter.  In  the  mill  a  further  economy 
of  wash-water  is  often  effected  by  using  the  last  washing  of  one 
barrel  for  the  first  washing  of  the  next  barrel.  The  washing 
is  considered  complete  when,  on  passing  hydrogen  sulphide 
through  the  wash-water,  no  gold  sulphide  is  precipitated. 

V.  Treatment  of  Tailings. 
As  soon  as  the  leaching  is  complete,  the  cloth  containing  the 
tailings  is  removed  and  the  tailings  dried,  bucked  to  pass  an 
80-mesh  sieve  and  assayed.  The  difference  from  the  original 
assay  is  the  amount  extracted  by  the  chlorine,  and  may  be  cal- 
culated in  terms  of  per  cent,  as  follows : 

Gold  before  treatment, 1.27  oz.  per  ton. 

Gold  after  treatment, 0.96  oz.  per  ton. 

0.31 
1.27  :  100  : :  0.31  :  x  ■=  24.2  per  cent.,  etc. 

The  actual  extraction  was  slightly  higher  than  that  indicated 
by  the  results  obtained  in  the  experiments  on  account  of  the  in- 
accuracy of  the  tailings-assay,  which  arose  from  the  passage  of 
some  of  the  fines  (obviously  thoroughly  leached)  through  the 
cloth,  thus  giving  a  higher  result  for  the  tailings-assay. 
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Table  in. — Extraction  by  Chlorinating  Unroasted  Ore  of  a  Gold- 
Value  of  $26.25  Per  Ton. 


Size  of 

Time  of 

Tailings- 

Value  of  Tailings- 

Percentage  of 
Bztracuon. 

Mesh. 

Chlorlnation. 

Assay. 

A8«y. 

Hours. 

Ounces. 

10 

1 

0.96 

$19.30 

24.2 

12 

1 

1.2 

24.89 

4.8 

20 

1 

1.23 

25.42 

3.15 

30 

1 

1.27 

26.25 

0 

10 

2 

0.98 

19.60 

24.88 

•      12 

2 

1.27 

26.25 

0 

20 

2 

1.27 

26.26 

0 

30 

2 

1.27 

26.25 

0 

Note. — 2  g.  of  bleach  and  4  g.  of  sulphuric  acid  were  used. 


Tablb  IV. — Extradition  by  Chlorinating  Ore  Roasted  3  Hours. 
(Value  of  Original  Ore  was  $26.25  Gold  Per  Tan.) 


Siseof 
Mesh. 

Time  of 
Chlorlnation. 

Tailings- 
Assay. 

Value  of  Tailings- 
Assay. 

Percentage  of 
Extractton. 

Hours. 

Ounces. 

10 

1 

0.13 

$2.69 

89.75 

12 

1 

0.10 

2.07 

92.11 

10 

2 

0.20 

4.13 

84.26 

12 

2 

0.19 

3.92 

84.06 

20 

2 

0.12 

2.48 

90.56 

30 

2 

0.12 

2.48 

90.55 

10 

3 

0.18 

3.72 

86.82 

12 

3 

0.08 

1.66 

93.67 

20 

3 

0.16 

3.30 

87.42 

30 

3 

0.2 

4.13 

84.26 

10 

4 

0.15 

3.10 

88.20 

12 

4 

0.1 

2.07 

92.1 

20 

4 

0.16 

3.30 

87.42 

30 

4 

0.23 

4.75 

81.94 

10 

5 

0.96 

19.83 

24.4 

12 

5 

0.4 

8.26 

68.52 

20 

5 

0.36 

7.18 

71.65 

30 

5 

0.32 

6.10 

76.76 

Note. — 2  g.  of  bleach  and  4  g.  of  sulphuric  acid  were  uaed. 
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Table  V. — Extraction  by  Chlorinating  Ore  Boasted  4  Sours. 
(  Value  of  Original  Ore  was  $26.25  Gold  Per  Ton.) 


Size  of 
Mesh. 

Time  of 
Cblorination. 

Taillngs- 
Ounces. 

Value  of  Tailings- 
Assay. 

Percentage  of 
Extraction. 

Hours. 

10 

1 

0.6tf 

113.64 

53 

12 

1 

0.36 

7.44 

72 

20 

1 

0.05 

1.03 

96.1 

30 

1 

0.14 

3.70 

88.9 

10 

2 

0.21 

4.34 

84.3 

12 

2 

0.11 

2.27 

91.3 

20 

2 

0.03 

0.62 

97.6 

30 

2 

0.06 

1.24 

95.3 

10 

3 

0.45 

9.30 

64.3 

12 

3 

0.14 

3.70 

88.2 

20 

3 

0.1 

2.07 

92.1 

30 

3 

0.08 

1.65 

92.9 

10 

4 

0.17 

3.51 

86.6 

12 

4 

0.28 

5.78 

77.8 

20 

4 

0.02 

0.41 

98.4 

30 

4 

0.04 

0.82 

96.1 

10 

5 

0.18 

3.70 

86 

12 

6 

0.24 

4.96 

81.2 

20 

6 

0.07 

1.44 

94.5 

30 

' 

0.06 

1.24 

94.9 

Note. — 3  g.  of  bleach  and  6  g.  of  sulphuric  add  were  used. 

VI.  Discussion  op  Tests. 
The  results  of  the  experiments  on  ore  roasted  for  3  hr.  were 
unsatisfactory,  since  the  best  extraction  was  only  93.67  per 
cent.  Assuming  that  the  poor  extraction  was  due  to  the  0.2  per 
cent,  of  sulphur  left  in  the  ore,  experiments  were  then  made  on 
ore  that  had  been  roasted  4  hr.,  which  entirely  eliminated  the 
sulphur.  At  the  same  time  the  quantity  of  bleaching  powder 
was  increased  from  2  to  8  g.,  and  the  quantity  of  sulphuric  acid 
from  4  to  6  g.  Under  these  conditions  the  results  were  en- 
tirely satisfactory,  the  best  extraction  being  98.4  per  cent 
The  percentage  of  extraction  varied  with  both  the  size  of 
the  ore  and  the  time  of  cblorination.  The  former  showed  an 
average  extraction  as  follows :  10-mesh  size,  72.84  per  cent ;  12- 
mesh,  82.1  per  cent.;  20-mesh,  95.7  per  cent.;  and  30-me8h, 
93.6  per  cent.  With  regard  to  the  time  of  the  experiment,  the 
average  extraction  was :  1  hr.,  77.5  per  cent.;  2  hr.,  92.125  per 
cent;  3  hr.,  84.37  per  cent;  4  hr.,  89.7  per  cent;  and  5  hr., 
89.15  per  cent.  The  best  single  test  was  with  20-me8h  size  and 
4  hr.  cblorination,  using  3  g.  of  bleach  and  6  g.  of  sulphuric 
acid.  Accordingly,  this  size  and  time  were  adopted,  leaving 
only  the  quantity  of  bleach  and  of  acid  to  be  determined. 
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Vii.  Tests  for  Quantity  of  Bleach  and  of  Sulphuric  Acid. 

Using  ore  of  20-mesh  size  and  chlorinating  for  4  hr.  the  re- 
sults obtained  by  varying  the  quantity  of  sulphuric  acid  and 
of  bleach  are  given  in  Table  VL 

Table  VI. — Results  Obtained  by  Varying  the  Quantity  of  Bleach 

and  of  Acid. 


No.  of 
Test. 

Quantity  of 

Quantity  of 
Sulphuric  Acid. 

Tailings- 
Aasay. 

Percentage  of 
Extractton. 

Orams. 

(^ms. 

0*.  Per  Ton. 

1 

0.5 

1 

0.06 

96.1 

2 

1.0 

2 

0.066 

95.7 

3 

1.6 

8 

0.03 

97.6 

4 

2.0 

4 

0.16 

88.2 

5 

2.6 

5 

0.04 

96.9 

6 

3.0 

6 

0.02 

98.4 

7 

3.6 

7 

0.026 

98.1 

The  results  given  in  Table  VI.  show  that  the  first,  third  and 
sixth  tests  are  the  only  ones  worthy  of  consideration.  Test 
No.  1  required  10  lb.  of  bleach  and  20  lb.  of  sulphuric  acid 
per  ton  of  ore.  The  cost  of  10  lb.  of  bleach  at  1  c.  is  JO.  10, 
and  of  20  lb.  of  sulphuric  acid  at  0.6  c.  is  $0.12,  giving  a  total 
cost  of  $0.22.  Test  No.  3  required  30  lb.  of  bleach  and  60  lb. 
of  acid,  which  cost  $0.66.  No.  6  required  60  lb.,  and  120  lb., 
costing  $1.32.  The  value  of  the  gold  extracted  in  Test  No.  1 
was :  $26.25  X  0.961  =  $25.22 ;  No.  3,  $26.26  X  0.976  =  $25.62, 
and  No.  6,  $26.25  x  0.984  =  $25.83. 

Balancing  the  increased  extraction  of  gold  against  the  in- 
creased cost  of  chemicals.  Test  No.  1  was  the  most  economical. 
In  the  barrel-test  based  on  Nos.  1  and  3  the  latter  proved  to  be 
the  better.  The  most  satisfactory  results  of  these  tests  show 
that  the  ore  should  be  20-mesh  size,  the  time  of  the  roast  4  hr., 
the  quantity  of  bleach  30  lb.,  and  the  quantity  of  acid  60  lb. 
per  ton  of  ore  treated. 

\iil.  Treatment  of  the  Gold  Chloride  Solution. 
The  gold  chloride  solution  was  treated  with  hydrogen  sul- 
phide, which  precipitated  the  gold  as  gold  sulphide,  the  solu- 
tion being  constantly  stirred  during  the  operation  in  order  to 
facilitate  settling.  After  complete  precipitation  the  solution 
was  allowed  to  settle  for  a  few  hours,  and  the  clear  supernatant 
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liqoid  was  decanted  through  a  filter;  finally,  the  gold  sulphide 
was  washed  on  this  filter,  dried,  and  roasted  until  all  traces  of 
sulphur  had  disappeared. 

The  gold  was  refined  in  scorifiers  with  test-lead,  borax,  and 
silica,  the  lead  button  thus  obtained  cupelled,  and  the  gold 
weighed.  From  this  weight  the  percentage  of  extraction  may 
be  determined  as  a  check  on  the  results  obtained  by  the  tailings- 
assay.  This  method,  however,  seems  of  little  practical  value 
because  of  the  intricacy  of  the  manipulation  required,  and  the 
liability  of  loss  of  gold  in  the  roasting,  and  in  the  burning  of 
the  filter-paper  on  which  it  is  caught. 

IX.  Barrel-Test. 

In  order  to  approximate  more  nearly  to  conditions  of  actual 
practice,  a  chlorination-test  was  made  in  a  small  barrel  of  100- 
Ib.  capacity,  baaing  the  experiment  on  the  data  obtained  from 
the  laboratory  experiments. 

An  iron  barrel  2  ft.  long  and  1.25  ft.  in  diameter,  inside 
measurements,  lined  throughout  with  lead,  and  provided  with 
the  conventional  man-hole  and  inlet-  and  outlet-valves,  was 
used.  An  internal  wooden  frame-work  was  provided  to  sup- 
port the  asbestos  filter. 

A  charge  of  ore,  weighing  72  lb.,  was  crushed  to  20-mesh 
size,  and  roasted  for  4  hr.  on  the  floors  of  a  series  of  muffles. 
The  barrel,  having  the  filter  in  place,  was  filled  one-third  full 
with  water,  to  which  2.1  lb.  (8  per  cent,  of  the  weight  of  the 
ore)  of  sulphuric  acid  was  added.  The  ore  was  then  introduced, 
followed  by  1.05  lb.  of  bleach  (1.5  per  cent,  of  the  weight  of  the 
ore).  The  man-hole  and  valves  were  quickly  and  securely 
closed,  and  the  barrel  was  rotated  for  4  hr.  At  the  end  of 
this  time  the  rotation  was  stopped,  with  the  filter  underneath ; 
the  valves  were  opened  and  the  leaching  began.  Atmospheric 
pressure  being  insufficient  to  cause  rapid  filtering,  on  account 
of  the  fines  which  formed  a  cement-like  cake  over  the  top,  com- 
pressed air  was  used  to  facilitate  the  leaching.  When  the 
leaching  was  complete,  the  barrel  was  closed,  rotated  a  few 
times,  and  then  opened  and  emptied.  The  tailings-sample  was 
taken,  when  the  leaching  was  finished,  by  means  of  a  short 
iron  pipe,  which  was  plunged  into  the  ore  at  different  places. 
Three  check-assays  gave  an  average  of  0.083  oz.  of  gold  per 
ton  (or  $1.74),  which  shows  an  extraction  of  93.46  per  cent. 
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During  the  leaching,  50  gal.  of  wash-water  was  used,  which 
is  equivalent  to  1,888  gal.  per  ton  of  ore.  This  large  excess 
was  due  to  the  care  taken  to  remove  the  last  traces  of  gold 
chloride  from  the  ore. 

These  experiments,  both  laboratory  and  barrel,  demonstrate 
the  suitability  of  the  ore  for  treatment  by  chlorination.  The 
original  ore  assayed  (26.25  in  gold  and  (0.68  in  silver  per  ton. 
Assuming  the  extraction  obtained  in  the  barrel -test  to  be  98.46 
per  cent.,  there  was  a  loss  of  value  of  (1.74  in  gold,  and  all  of 
the  silver,  making  a  total  loss  equal  to  (2.42  per  ton. 

The  smelter-charge  for  an  ore  of  this  character  is  about  (10 
per  ton,  and  neglecting  the  cost  of  eliminating  the  sulphur 
(which  in  general  is  in  favor  of  the  chlorination-process),  there 
is  a  gain  in  chlorination  above  smelter-charge  of  (10,  less  (2.36, 
equal  to  (7.64  per  ton. 

Ores  of  the  character  mentioned  above  can  be  chlorinated 
at  a  cost  of  from  (2  to  (5  per  ton,  which  gives  a  substantial 
gain  over  the  cost  of  treatment  in  a  custom-smelter. 
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Physical  Factors  in  the  Metallurgical  Reduction  of  Zinc 

Oxide. 

BY  WOOLSEY  McA.   JOHNSON,   NEW  YORK,   N.   Y. 
(Toronto  Meeting,  July,  1907.) 

Independently  of  the  recognized  chemical  reactions  involved 
in  the  production  of  metallic  zinc,  the  process  is  affected  by 
physical  conditions  in  efficiency,  and  by  commercial  as  well  as 
technical  economy.  To  offer  some  observations  concerning 
these  conditions  is  the  purpose  of  the  present  paper. 

Among  the  important  elements  of  this  problem  is  the  physi- 
cal nature  of  the  particles  constituting  the  mass  of  zinc  oxide 
to  be  reduced.  This  may  be  the  result,  either  of  the  manner 
of  the  original  deposition  of  the  mineral,  or  of  the  treatment 
to  which  it  has  been  subjected  in  the  roasting-furnace.  The 
physical  character  of  the  reducing-agent  is  another  important 
factor,  since  the  carbon  of  some  coals  is  much  more  active  in 
reduction  than  that  of  others.  The  degree  of  fineness,  whether 
of  ore  or  coal,  or  both,  likewise  plays  a  significant  part.  These 
factors,  together  with  the  physical  admixture  of  foreign  sub- 
stances with  the  ore,  may  give  rise  also  to  chemical  "  side-reac- 
tions," sometimes  hindering  or  retarding,  and  sometimes  accel- 
erating, the  reduction.  Finally,  thermal  conditions,  including 
the  relative  conductivity  of  the  materials,  deserve  to  be  taken 
into  account. 

In  firing  a  furnace  with  retorts  charged  with  a  mixture  of 
roasted  ore  and  coal,  the  first  reaction  is  naturally  the  boiling- 
off  of  the  contained  water ;  the  next  is  the  distillation  of  the 
light  hydrocarbons  from  the  coal ;  the  next  is  the  reduction  of 
the  iron  oxide  to  protoxide  and  sub-oxide  successively,  and  then 
to  metallic  sponge ;  and  the  final  reaction  is  the  reduction  of 
the  zinc  oxide  in  the  ore  by  the  carbon  to  metallic  zinc.  This 
reaction  commences  at  1,022°  to  1,060°  C,  according  to  the 
physical  nature  and  condition  of  the  coal  and  ore. 

Since  the  retort  and  the  charge  are  fer  from  being  good  con- 
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ductors  of  heat,  we  may  assume  that  there  exists  in  the  charge 
a  series  of  concentric  hollow  cylinders  of  gradually  decreasing 
diameter,  each  hollow  cylinder  differing  in  temperature  by  a 
few  degrees  as  the  diameter  grows  smaller,  the  hottest  part,  of 
course,  being  the  cylindrical  layer  next  to  the  retort,  and  the 
coldest  the  core  in  the  center  of  the  charge.  This  is  a  conven- 
ient assumption  for  the  purpose  of  illustration.  In  fact,  such 
hollow  cylinders  do  not  exist  separately,  except  as  represent- 
ing zones  of  temperature. 

Now,  with  rapid  firing,  it  is  possible  that  the  charge  next  to 
the  retort-walls  may  reach  a  temperature  above  that  of  the  re- 
duction of  zinc,  and,  consequently,  produce  some  zinc-vapor, 
while  in  the  center  of  the  charge,  water  is  being  boiled  off. 
Obviously,  this  would  be  a  bad  way  to  fire  the  furnace,  since 
the  zinc-gas  would  be  thereby  so  diluted  that  condensation 
would  become  practically  impossible.  The  same  evil  thing  oc- 
curs through  the  distillation  of  the  hydrocarbons  when  too 
much  light  "  gassy  "  coal  is  used.  Diluting  gas  may  similarly 
be  formed  from  the  reduction  of  the  iron  oxide  when  ores  very 
high  in  iron  are  treated. 

If  we  had  an  ideal  charge,  perfect  in  heat-conductivity,  it 
might  be  possible  to  keep  all  the  contents  of  the  retort  at  one 
temperature  until  the  reaction  requiring  that  temperature  was 
complete ;  then  immediately  to  elevate  the  temperature  until 
the  second  reaction  was  complete,  and  so  on,  through  the 
third  and  fourth  reactions.  This  procedure  would  require,  also, 
ideal  conditions  from  a  chemical  standpoint,  including  a  charge 
of  such  character  that  each  of  the  several  reactions  would  be 
practically  complete  at  a  temperature  only  three  or  four  de- 
grees above  that  at  which  it  began.  Such  ideal  theoretical 
conditions  are  beyond  our  reach,  but  may  serve  as  a  mental 
guide  for  formulating  such  conditions  as  are  practically  the 
best  for  any  given  situation  as  to  ore  and  coal. 

The  firing  of  a  zinc-furnace  for  reducing  ores  high  in  iron 
should  be  done  as  follows :  The  furnace  should  be  heated  up 
to,  and  kept  at,  a  temperature  slightly  below  the  reduction-tem- 
perature of  zinc,  but  as  near  that  point  as  possible.  This,  in 
the  course  of  an  hour  and  a  half  or  two  hours,  will  bring  all 
the  contents  of  the  retorts  to  a  uniform  temperature  of  slightly 
below  1,020°  C.     Below  this  temperature  the  reduction  of  the 
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iron  oxide  is  largely  completed.  After  this  has  been  accom- 
plished, the  furnace  should  be  flred  for  the  reduction  of  zinc 
oxide. 

If  the  reduction  of  the  iron  oxide  and  the  reduction  of  the 
zinc  oxide  proceed  simultaneously,  the  evolution  of  so  much 
carbon  monoxide  and  dioxide  from  the  reduction  of  the  iron 
oxide  would  sweep  the  zinc  vapor  through  the  condenser  and 
burn  it  at  the  mouth.  This  is  exactly  what  happens  with  too- 
rapid  firing.  The  bright  or  so-called  "  angry  "  flame,  burning 
the  zinc  with  brilliant  white  fumes,  while  yielding  practically 
no  condensed  metal,  is  the  practical  fact  of  which  the  above 
paragraphs  are  the  explanation. 

Through  both  special  experiments  and  practical  experience 
in  zinc-smelting,  I  have  found  that  the  iron  oxide  has  dif- 
ferent degrees  of  reductivity,  varying  even  more  than  that  of 
zinc-ores,  according  to  the  way  they  were  originally  deposited 
geologically  and  the  way  they  have  been  roasted.  This  result 
corroborates  the  observations  of  Sir  Lowthian  Bell.  A  hard, 
dense  zinc-ore  that  is  hard  to  roast,  and  gives  a  product  not 
very  porous,  is  naturally  more  difficult  to  reduce  than  one  of  a 
porous  nature,  which  lias  been  roasted  at  a  low  temperature. 
If,  as  sometimes  happens,  a  zinc-ore  is  roasted  at  such  a  tem- 
perature as  to  form  an  incipient  slag — ^for  example,  an  iron  sili- 
cate— and  also  compounds  of  its  different  constituents,  such  as 
zinc  ferrate,  zinc  silicate,  zinc  aluminate,  and  lead  silicate,  the 
reduction  of  such  an  ore,  so  roasted,  is  retarded,  its  reductivity 
being  decreased,  because  the  compounds  of  zinc  oxide  are  more 
difficult  to  break  up  than  the  oxide  itself.  Moreover,  the  par- 
ticles are  shrunk  and  cemented  more  closely  together  by  the 
heat,  just  as  a  fire-brick,  under  the  action  of  high  heat,  contracts 
and  hardens ;  and  their  reductivity  is  thus  decreased  for  physi- 
cal reasons. 

Thus  it  may  be  said  that  there  are  two  kinds  of  work  to  be 
done  in  the  reduction  of  zinc  oxide.  One  is  chemical  work; 
the  tearing  of  the  atoms  of  zinc  and  oxygen  away  from  each 
other  against  the  force  of  affinity.  The  other  is  the  work  of 
tearing  the  molecules  of  zinc  oxide  from  one  another.  This 
is  physical  work.  Any  agent  that  changes  the  aggregation  of 
the  molecules  so  as  to  make  it  denser  increases  the  physical 
work  to  be  done  in  reduction. 
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The  formation  of  iron  silicate  in  roasting  is  especially 
bad ;  for  it  is  not  easily  reducible,  and  is  itself  a  slag  already 
formed,  which  will  pick  up  other  slag-materials,  and,  collect- 
ing in  the  bottom  of  the  charge,  quickly  cut  a  hole  through 
the  retort.  For  this  reason,  several  zinc-plants  in  Kansas 
charge  carbonates  "  green  "  into  the  retort,  even  though  their 
bulk  is  greater. 

Metallic  iron  as  an  iron-sponge  does  not,  in  my  opinion, 
have  very  deleterious  eitVcts,  provided  sufficient  fine  clean  coal 
is  present  In  the  first  place,  the  iron*  seems  to  draw  up  in 
globules  in  the  pores  of  the  charge  by  capillary  attraction,  and 
to  be  held  there  as  water  is  held  by  a  sponge.  Not  only  is  its 
melting-point  high,  but  it  has  no  great  chances  to  form  alloys 
with  other  metals. 

The  iron  sulphide,  on  the  contrary,  is  really  the  most  corro- 
sive part  of  a  charge,  whether  present  in  the  charge  as  pyrites 
in  the  original  coal  or  pyrites  not  roasted  in  the  ore,  or  formed 
by  the  iron  sponge  acting  on  the  zinc  sulphide.  At  from  1,100° 
to  1,200°  C.  iron  sulphide  will  dissolve  fire-clay  practically  as 
hot  water  dissolves  sugar.  Several  times,  in  my  small  electric 
crucible-furnace,  I  have  added  pieces  of  a  retort  to  molten  iron 
sulphide,  and  observed  a  considerable  evolution  of  sulphur 
dioxide,  suggesting  that  an  iron  silicate  formed.  This  product 
analyzes  3  or  4  per  cent.  S  and  is  partially  a  sulpho-silicate. 

Moreover,  molten  iron  sulphide  is  extremely  mobile  and  will 
penetrate  the  pores  of  a  retort,  where  it  forms,  under  the  oxi- 
dizing flames  of  the  combustion-gases,  an  iron  slag,  and  cuts  a 
hole  through  the  retort.  Then  the  metallic  iron  in  the  charge 
is  oxidized  and  furnishes  enough  iron  oxide  for  the  formation 
of  more  slag.  In  the  course  of  four  or  five  days,  if  slagging  has 
happened  first  on  a  retort  in  the  top  row,  all  the  retorts  ver- 
tically under  the  unfortunate  one  will  be  cut  out  and  spoiled 
by  the  slag  dropping  down  from  it.  The  whole  trouble  is 
probably  caused  by  an  accidental  and  local  excess  of  iron  sul- 
phide in  one  portion  of  the  charge,  due  to  poor  roasting  or 
poor  coal,  or  both,  and  an  uneven  "  mix." 

A  phenomenon  of  zinc-smelting  which  puzzled  me  for  a 
long  time  is  what  is  known  as  the  "  setting  "  of  the  furnace. 
When  a  furnace  is  fired  up  so  rapidly  at  first  that  a  great  deal 
of  zinc  cannot  be  condensed  but  burns  at  the  mouth  of  the 
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condenser,  the  furnace-man  will  often  suddenly  reduce  the  tem- 
perature, to  stop  this  loss  of  zinc.  If  this  change  be  too  marked , 
the  charge  in  Ae  furnace  becomes  ^<  set/'  and  it  is  impossible 
to  get  the  zinc  out,  even  though  the  temperature  be  raised  to 
a  point  much  above  that  ordinarily  employed.  The  reason  is, 
that  a  thick  heavy  slag  is  thus  formed,  and,  once  formed,  con- 
tracts on  cooling,  and  encircles  the  particles  of  ore  and  coal. 
If  the  temperature  had  been  brought  up  slowly,  the  slag  would 
never  have  been  formed,  or  would  have  been  formed  only  at 
the  end  of  the  shift,  when  the  charge  was  "  dry  "  of  zinc. 

This  suggests  another  point  While  a  thick  slag  prevents 
reduction,  the  formation  of  a  very  liquid  slag  facilitates  it,  prob- 
ably by  bringing  the  reacting  substances  into  igneous  solu- 
tion, so  that  they  can  act  on  each  other.  In  American  zinc- 
practice,  it  is  deemed  inadvisable  to  form  slag  at  any  time, 
if  it  be  possible  to  prevent  it,  but  in  Europe,  occasionally,  the 
residues  are  tapped  from  the  retorts  as  a  liquid  slag. 

This  brings  us  to  the  essential  difference  between  European 
and  American  zinc-furnace  practice.  By  a  sort  of  natural  evo- 
lution, the  practice  of  each  country  has  tended  along  the  lines 
suited  to  the  commercial  environment  In  Europe,  coal  is  ex- 
pensive and  labor  cheap.  In  the  United  States,  gas  and  coal 
are  very  cheap,  labor  is  dear,  and  our  workmen  have  not  had 
the  training  in  zinc-smelting  of  those  in  Germany  and  Bel- 
gium, where  this  calling  has  often  been  followed  in  the  same 
family  for  three  or  four  generations. 

Consequently,  the  practices  are  radically  different.  The 
German  metallurgist  charges  a  small  amount  of  coal,  with  a 
roasted  zinc-ore  averaging  something  under  50  per  cent,  of 
zinc,  into  muffles  holding  from  80  to  100  lb.  of  ore.  This  is 
fired  in  regenerative  furnaces  with  great  care.  At  the  end  of 
the  shift,  the  residues  are  carefully  scratched  up  by  hand,  some- 
times without  taking  the  condenser  down,  and  the  retorts  are 
sometimes  charged  again  through  the  mouth  of  the  condenser. 
A  great  deal  of  labor  is  always  used  per  retort 

In  the  United  States,  the  retorts  are  cylindrical  and  are 
charged  very  rapidly  with  a  material  high  (in  the  case  of 
Joplin  ores  over  70  per  cent)  in  zinc.  The  furnaces  are  fired 
very  extravagantly,  usually  with  natural  gas.  At  the  end  of 
the  shift,  the  residues  are  blown  out  by  steam  or  water.     In 
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Eaneas,  the  aim  is  always  to  make  a  charge  that  contains  so 
much  coal  and  so  little  iron  sulphide  as  to  be  non-corrosive, 
and  leave  ^^dry"  residue — one  that  contains  a  minimum  ot 
slag.  Very  little  scratching  or  cleaning  of  the  retorts  by  hand- 
rabbling  is  done  in  this  country.  It  will  be  seen  that  the  prac- 
tice of  Europe  and  of  America  is  diflTerent  in  these  respects,  by 
reason  of  totally  unlike  conditions  in  the  two  regions. 

In  the  treating  of  ferruginous  zinc-ores  from  Leadville  and 
elsewhere,  American  practice  has  been  simply  a  refinement  and 
a  carrying-out  to  the  extreme  of  the  method  pursued  with  Jop- 
lin  ores.  The  attempt  is  always  to  make  a  non-corrosive  charge 
which,  by  reason  of  its  large  amount  of  fixed  carbon,  will  also 
have  a  maximum  reductivity  at  as  low  a  temperature  as  possible. 
The  criterion  of  this  charge,  for  low-grade  ores,  is  recognized 
by  the  practical  zinc-smelter  in  the  glowing  and  brightening-up 
of  the  residues  when  the  condensers  are  "  knocked  down  "  in 
the  morning,  at  the  end  of  the  shift.  If  the  residues  then  glow, 
it  is,  of  course,  a  sign  of  the  presence  of  active  particles  of  car- 
bon, to  be  attacked  by  the  oxygen  of  the  air  which  rushes  into 
the  retort.  Consequently,  the  charge,  at  the  end  of  the  shift, 
still  possessed  considerable  reductivity,  and  it  was  not  neces- 
sary to  use  intense  heat  to  reduce  and  distill  the  zinc.  Did  the 
charge  contain  no  remaining  active  carbon  it  would  not  glow. 
The  zinc-smelters  have  almost  a  superstition  about  this  glowing 
or  "  looking  red "  in  the  retort ;  and  it  is  convincing  to  see 
that  it  has  good  chemical  reasons. 

Another  fact  about  zinc-reduction  which  I  have  never  seen 
noticed,  is  that  carbon-deposition  occurs  around  the  iron  oxide 
just  as  it  does  in  the  shaft  of  an  iron  blast-fiirnace,  and  that 
this  deposited  carbon  is  very  active  in  reducing  the  particles 
of  zinc  oxide. 

The  reaction  of  the  iron-sponge  on  both  zinc  oxide  and  zinc 
sulphide  increases,  of  course,  the  amount  of  zinc  distilled. 
These  reactions  are  both  completed  below  1,200°  C.  The  iron 
is  formed  as  an  iron-sponge  through  the  reduction  of  the  iron 
oxide  by  the  carbon  of  the  charge.  For  this  reason,  magnetic 
zinc-blende,  the  so-called  "  marmatite,"  is  very  active. 

Another  characteristic  of  the  reduction  of  zinc  oxide  is  the 
distillation  of  the  heavy  tars  in  the  coal.  These  heavy  tars  are 
distilled  at  about  the  temperature  at  which  zinc  is  reduced,  and 
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are  retained  in  the  condenser,  where  they  form  a  solid  mass, 
and  in  time  choke  the  condenser.  I  have  never  seen  this  rea- 
son given  before ;  but  it  is  undoubtedly  the  chief  reason  why 
accretions  are  slowly  formed  on  the  sides  of  the  condensers, 
which  have  to  be  cleaned  out  by  the  "  connie  boy/* 

The  coal  for  a  zinc-charge  should  have  maximum  heat-con- 
ductivity, "  reductivity  "  {i.  e.,  active  energy  in  reduction),  and 
percentage  of  fixed  carbon  per  cubic  foot;  and  minimum  pro- 
portion of  hydrocarbons  and  of  ash  (the  ash  containing,  more- 
over, a  maximum  of  aluminum  silicate).  Finally,  it  should  be 
low  in  price. 

To  combine  all  these  good  qualities  in  one  kind  of  coal  is  im- 
possible, and  hence  it  is  advisable  to  use  three  or  four  diflferent 
kinds,  one  serving  one  purpose,  and  another  another.  '  For  in- 
stance, petroleum  coke,  the  residue  from  the  distillation  of  oil, 
contains  from  94  to  96  per  cent  of  carbon,  and  less  than  1  per 
cent,  of  ash ;  but  it  carries  3  or  4  per  cent,  of  heavy  hydrocar- 
bons. This  would  be  an  ideal  reducing-agent  for  zinc,  did  not 
its  hydrocarbons  choke  up  the  condenser;  and  therefore  it 
should  not  be  used  for  more  than  one-sixth  of  the  total  fuel. 

"  Dead  coal,"  from  the  "  strip-pits  "  of  Missouri  and  Kansas, 
has  carbon  of  good  activity.  The  ash  is  also  pretty  infusible, 
because  the  sulphur  has  been  extracted  through  weathering  of 
the  coal.  It  yields,  however,  a  very  high  amount  of  gas,  and 
therefore  too  much  of  it  should  not  be  used.  Moreover,  it  is 
always  well  to  use  several  kinds  of  coal,  so  that  accidental  poor 
shipments  of  one  kind  will  be  "averaged  out." 

All  things  considered,  probably  the  best  reducer  for  a  zinc- 
charge  is  anthracite  slack,  having  less  than  0.6  per  cent,  sulphur 
and  an  ash  which  is  nearly  an  aluminum  silicate.  It  is,  how- 
ever, usually  too  expensive  for  use  except  in  a  few  localities. 

For  maximum  reductivity,  neither  the  zinc-ore  nor  the  re- 
ducing-material  should  be  too  fine.  With  coal,  and  ore  finer 
than  60-me8h,  there  will  be  channeling  of  the  gases  of  reduc- 
tion, and  the  very  efficient  reducing-action  of  hydrocarbon 
vapors  and  carbon  monoxide  will  be  lessened.  Besides,  there 
is  a  "  back-pressure  "  of  these  gases,  which  retards  reduction. 

The  ideal  of  American  zinc-practice  should  be  to  produce  a 
charge  of  maximum  reductivity  with  an  infusible  residue.     If 
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this  were  attained,  it  might  be  possible  to  use  much  larger  re- 
torts, or  possibly  a  gas-fired  continuous  furnace. 

In  this  paper  the  word  "  reductivity  "  has  been  applied  to 
the  charge,  the  reducing-agent,  and  the  ore,  while  possibly  a 
stricter  phraseology  should  have  been  used. 

In  conclusion,  I  want  to  express  my  appreciation  of  Dr.  Percy's 
early  work  on  zinc.  Having  repeated  and  extended  all  his  ex- 
periments, I  feel  bound  to  testify  that  they  reached  the  heart  of 
the  subject,  and  established  principles  not  superseded  by  later 
progress.  This  is  not  true  of  all  such  pioneer  work,  however 
creditable  it  may  have  been  in  its  day ;  and  when  it  is  true,  it 
deserves  to  be  publicly  declared. 

I  wish,  also,  to  acknowledge  my  indebtedness  for  valuable 
suggestions  to  Messrs.  C.  A.  H.  de  SauUes,  John  Nett,  Walter 
J.  Chapman,  and  many  others. 
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-  Piping  and  Segregation  in  Steel  Ingots. 

A  diflcusflion  of  Mr.  Howe's  Paper  presented  at  the  London  Meeting,  July,  1907, 
and  published  in  Bi-MonUdy  Bvdledn,  No.  14,  March,  1907,  pp.  169  to  274. 

Alfred  C.  Lans,  Lansing,  Mich,  (communication  to  the 
Secretary  *) : — ^Prof.  Howe's  paper  on  piping  and  segregation  in 
steel  ingots,t  isj  in  my  judgment,  very  interesting  and  sugges- 
tive to  geologists,  as  well  as  metallurgists.  For  an  igneous 
rock-mass  is  but  an  ingot,  in  the  case  of  intrusives  generally 
'^  bottom  cast "  (p.  225).  Its  general  dimensions  are  also  fixed 
by  those  of  a  shell  of  frozen  material,  while  most  of  it  is  hot 
and  molten  (pp.  174  and  178).  The  question  whether  rock- 
magmas  contract  or  expand  in  solidification  is  also  in  doubt ; 
and  the  same  lines  of  argument  apply  (p.  175),  but  Howe's 
explanation  (p.  178)  is  also  applicable  to  the  igneous  rocks, 
since  these  likewise  have  a  tendency  to  form  cavities  which 
may  remain  as  vugs  or  druses  or  be  filled  up  by  pegmatites 
or  aplites. 

Prof.  Howe's  discussion  of  the  location  of  the  pipe  is  also 
applicable  and  the  five  factors  which  limit  the  same,  though  of 
course  in  the  case  of  igneous  rocks  the  pressure  may  be  more 
than  the  atmospheric  (p.  211).  Blow-holes  (pp.  203,  240)  cor- 
respond somewhat  to  amygdules,  and  the  ice-ingot  bubbles 
(p.  241)  to  pipe-amygdules.  The  migration  of  metals  below 
the  melting-point  (p.  214 — also  described  by  Dr.  Koenig 
before  the  Lake  Superior  Mining  Institute)  is  obviously  im- 
portant in  the  science  of  ore-deposits.  The  walls  of  the  pipe, 
sometimes  smooth  and  sometimes  lined  with  crystals  (pp.  216, 
217,  220,  221),  might  also  be  matched  among  the  cavities  in 
igneous  rocks.  Druses  of  crystals,  continuous  with  those  mak- 
ing up  the  igneous  rocks,  have  been  described,  for  instance,  by 
Patton.  It  is  interesting  to  notice  that  there  is  sometimes 
(pp.  220, 221)  a  sort  of  transition-zone,  well  shown  by  the  meli- 

»  Received  May  4,  1907. 

t  The  page-numbers  in  parentheses,  throughout  this  contribution,  refer  to  Bi- 
Monthly  BuUetifiy  No.  14,  March,  1907. 
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lite  slags  of  the  copper-country,  in  which  crystals  occur  with 
rounded  faces,  and  heavily  charged  with  cavities.  The  crys- 
talline forces  of  the  mineral  have  heen  able  to  distort  the 
round  shape  of  the  drop  somewhat,  but  not  perfectly  to  free  it 
from  its  mother-liquor.  The  "  pine-tree  "  crystalline  growths 
(p.  220)  find  frequent  analogues  in  what  are  known  as  arbor- 
escent forms  in  rock-forming  minerals. 

The  discussion  of  segregation,  its  causes  and  its  restraining 
factors  (p.  243),  has  an  obvious  application,  almost  word  for 
word,  to  magmatic  segregation.  For  instance,  the  segregation 
of  the  heavier  augite  in  the  ash-bed  porphyrites  is  below  the 
center,  as  in  the  ice  ingot  (p.  234).  But  when  Prof.  Howe 
comes  to  discuss  the  effect  of  the  rate  of  cooling,  I  do  not  think 
that  he  has  fully  given  due  weight  to  the  possible  effects  of  the 
temperature  of  pouring  relative  to  that  of  freezing ;  and  it  is 
along  this  line  that  I  venture  some  suggestions  which  may 
have  value  for  him  and  his  readers. 

In  the  theory  of  cooling  and  its  effect  on  grain  which  I  have 
developed,  *  the  essential  points,  other  things  being  equal,  are 
these :  that  the  slower  the  cooling  the  coarser  the  grain ;  that 
the  slowest  rate  of  cooling  at  the  time  of  freezing  might  be  at 
the  center  or  at  the  margin  or  somewhere  between ;  that  this 
depends  most  directly  on  the  country-rock  (or  mold  *),  the  dis- 
tance to  which  the  same  is  affected  (whether  sand  or  iron 
molds),  the  temperature  of  solidification  (or  freezing),  and  the 
initial  temperature  (or  that  of  pouring).  It  may  easily  be  that 
in  considerably  superheated  magmas  (ingots),  or  those  in  which 
the  country-rock  is  already  hot  and  a  poor  conductor  (a  mold 
already  heated,  or  made  of  a  non-conductor,  such  as  sand), 
the  locality  of  slowest  cooling  at  the  time  of  freezing  will  be 
somewhere  near  the  margin.  In  fact,  it  may  have  any  posi- 
tion, according  to  circumstances.  Hence,  the  center  or  axis  ot 
the  ingot  may  possibly  be  cooling  much  more  rapidly  than 
other  parts,  at  the  time  of  freezing.     These  relations  are  illus- 

»  Report  of  the  Geologieal  Survey  of  Michigan,  vol.  vi.  (1893-97 ) ;  Fifth  and  Sixth 
Anntuil  Reports  of  the  Stale  Geologist  of  Michigan  (1903,  1904).  See  also  Bulletin  of 
the  Oedogical  Society  (^  Amerieay  yol.  xiy.,  pp.  369  to  406  (1902)  ;  Journal  of  the 
Canadian  Mining  InetituU,  vol.  ix.,  pp.  210  to  217  (1906). 

'  In  this  passage,  the  phrases  in  parentheses  are  intended  to  indicate  the  condi- 
tions and  factors  considered  by  Prof.  Howe,  which  correspond  to  those  enumerated 
bj  me,  in  discussing  the  analogous  geological  problems. 
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trated  by  curves  of  cooling,  which  I  have  elsewhere  published. 
If  this  be  true,  those  of  Prof.  Howe's  statements  which  imply 
that  the  center  must  necessarily  cool  more  slowly  than  the  outer 
part  (p.  179,  §  7;  p.  194,  last  paragraph;  and  a  considerable 
part  of  the  discussion  of  segregation  from  p.  243  on)  must  be 
qualified,  or  modified.  It  seems  to  me  quite  possible,  for  in- 
stance, that  in  the  case  of  Fig.  28  (p.  240)  the  ring  of  blow- 
holes might  be  due  to  the  fact  that  that  was  the  ring  of  slowest 
cooling,  and  that,  both  at  the  margin  and  the  center,  the  cool- 
ing was  too  fast  at  the  time  of  freezing  to  allow  the  gas  to  become 
disentangled.  In  the  same  way,  it  is  possible  that  segregation 
may  take  place  up  to  the  distance  from  the  margin  which  is 
that  of  the  zone  of  slowest  cooling,  while,  from  this  on,  the 
more  rapid  cooling  at  the  time  of  freezing  might  tend  to  check 
the  continuance  of  this  action,  as  is  already  brought  out  by 
Prof.  Howe  (pp.  248-251).  This  would  account  for  some  of  the 
contradictory  evidence  cited  by  him  (pp.  262-254).  I  have 
called  attention  to  possible  cases  of  this  character  in  the  paper 
for  the  Canadian  Institute.*  The  essential  thing  to  remark  is, 
that  in  considering  such  evidence  as  that  of  the  temperature  ot 
pouring  (§57,  p.  252),  the  superfusion  ratio  is  a  most  important 
factor,  without  knowledge  of  which  it  is  hardly  possible  to 
discuss  the  data  to  advantage. 

Prop.  Henry  M.  Howb,  New  York,  N.  Y.  (communication 
to  the  Secretary  *) : — The  points  of  likeness  to  which  Dr.  Lane 
calls  attention,  between  the  solidification  of  metallic  ingots 
and  that  of  rock-masses,  are  full  of  interest.  I  have  elsewhere 
examined  these  resemblances,*  and  in  my  lectures  I  have 
always  insisted  on  them,  and  found  them  very  effective  in  fix- 
ing the  students'  attention. 

I  am  at  a  loss  to  understand  how  Dr.  Lane  can  have 
thought  that  I  asserted  or  implied  that  the  cooling  of  the  center 
in  the  act  of  freezing  is  slower  than  that  of  the  outside.  "Why, 
the  very  essence  of  my  explanation  of  the  formation  of  the  pipe 
is  that  the  central  parts,  when  they  are  freezing,  are  cooling 
faster  than  the  outer  parts.  (§§  9,  10  and  11,  pp.  180  to  182, 
BirMonthly  Bulletin,  No.  14,  March,  1907.) 

•  Journal  of  the  Oomadian  Mining  Institute,  vol.  ix.,  pp.  210  to  217  (1906). 

*  Received  July  26,  1907.  *  Iron,  Steel  and  Other  AOoys,  pp.  2  to  8. 
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In  their  solidification,  steel  ingots  differ  in  one  very  impor- 
tant respect  from  rock-masses — viz.,  that  the  steel  ingot  is  cast 
when  only  very  slightly  above  its  freezing-point  into  a  mold 
which  is  habitually  cold,  so  that  the  outer  layers  begin  to 
freeze  almost  instantly,  and  that,  at  the  beginning  of  the  solidi- 
fication, their  cooling  must  be  much  faster  than  that  of  the 
central  parts.  I  quite  agree  with  Dr.  Lane  that,  when  the 
central  parts  in  turn  come  to  freeze,  they  may  be  cooling 
faster  or  they  may  be  cooling  more  slowly  than  the  outer  parts. 
If  they  are  cooling  faster,  a  pipe  should  form ;  if  more  slowly 
than  the  out^r  parts,  the  pipe  should  be  absent,  as  it  very 
often  is. 

"What  I  was  trying  to  do  was  to  explain  how  it  comes  about 
that  the  pipe  forms,  and  I  pictured  the  conditions  which  lead 
to  its  formation,  among  them  the  faster  cooling  of  the  center 
than  of  the  outside  at  the  time  when  the  center  is  freezing.  I 
by  no  means  intended  to  imply  that  this  pipe-forming  condi- 
tion, which  is  essential  to  pipe-forming,  must  always  exist.  I 
might  indeed  have  done  well  to  affirm  that  it  need  not,  though 
that  would  have  been  foreign  to  the  argument  before  us. 

When  we  turn  to  segregation,  the  important  matter  is  not 
the  rate  of  cooling  of  the  central  parts  at  the  time  of  their 
freezing,  but  the  fact  that  their  freezing  occurs  later  than  that 
of  the  outer  parts ;  not  rapidity,  but  priority. 

Alfred  C.  Lanb,  Lansing,  Mich,  (communication  to  the 
Secretary*): — The  misunderstanding  of  the  implication  of 
certain  sentences  of  Professor  Howe's  paper  is  not  so  much  to 
be  regretted,  since  it  has  drawn  out  the  valuable  and  clear 
supplementary  statement.  I  did  not  know  enough  about  the 
technique  of  steel-ingot  casting  to  take  for  granted  that  the 
ingot  is  "  cast  only  when  very  slightly  above  its  freezing-point," 
but  had  supposed  that  the  amount  of  excess  of  temperature  or 
superfusion  might  be,  as  it  is  competent  to  be,  an  important 
factor. 


Received  August  23,  1907. 
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Geology  and  Mining  of  the  Tin-Deposits  of  Cape  Prince  of 

Wales,  Alaska.* 

BY  ALBERT  HILL  FAT,  B.S.,  E.M.,  NEW  YORK,  N.  Y. 
(Toronto  Meeting,  July,  1907.) 

In  giving  a  sketch  of  the  geology  and  mining  of  the  tin-de- 
posits of  Cape  Prince  of  Wales,  a  short  description  of  the  geo- 
graphic and  climatic  conditions  may  be  of  special  interest  on 
account  of  this  being  a  part  of  the  world  of  which  very  little  is 
known,  even  by  the  reading  public.  As  shown  in  Fig.  1,  the 
location  of  the  Cape  is  lat  :N'.  65°  35'  and  long.  W.  168°.  It 
is  bounded  on  the  north  by  the  Arctic  ocean ;  on  the  west  by 
Bering  strait  and  on  the  south  by  Bering  sea.  It  is  the  western- 
most point  of  the  mainland  of  North  America,  and  to  the  west, 
across  the  strait,  one  can  see  East  Cape,  Siberia,  which  consists 
of  a  rugged,  steep  coast  of  granite  cliffs. 

The  climatic  conditions  are  of  interest  because  of  the  part 
they  have  had  in  the  surface  geology,  and  also  because  they  af- 
fect mining  from  an  economic  standpoint.  In  connection  with 
the  climate  and  geography,  it  does  not  seem  out  of  place  here 
to  quote  a  few  lines  from  the  prologue  of  The  Wandering  JeWy 
written  by  Eugene  Sue,  under  the  caption  "  The  Land's  End  of 
Two  Worlds." 

''The  Arctic  Ocean  encircles  with  a  helt  of  eternal  ice,  the  deeert  confines  of 
Siberia  and  North  America — the  uttermost  limits  of  the  Old  and  New  World,  sepa- 
rated by  the  narrow  channel  known  as  Bering's  Straits. 

''To  the  north,  this  desert  is  bounded  by  a  ragged  coast,  bristling  with  huge 
black  rocks.  At  the  base  of  this  Titanic  mass  lies  enchained  the  petrified  ocean 
(Bering  sea)  whose  spell-bound  waves  appear  fixed  as  Tast  ranges  of  ice  mountains, 
their  blue  peaks  fading  away  in  the  far-off  frost-smoke,  or  snow-vapor. 

"  Between  the  twin  peaks  of  East  Cape,  the  termination  of  Siberia,  the  sullen 
sea  is  seen  to  drive  tall  icebergs  across  a  stream  of  dead  green.  There  lies  Ber- 
ing's strait.  Opposite,  and  towering  over  the  channel,  rise  the  granite  masses  of 
Gape  Prince  of  Wales,  the  headland  of  North  America. 

"These  lonely  latitudes  do  not  belong  to  the  habitable  world.'' 

*  Submitted,  also,  with  the  consent  of  the  Council  of  the  Institute,  as  a  thesis 
in  partial  fulfillment  of  the  requirements  for  the  degree  of  Master  of  Arts,  to  the 
Faculty  of  Pure  Science,  Columbia  University,  New  York,  K  Y. 
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'Such  is  Sue's  description  of  this  harren  and  desolate  country, 
and  it  is  so  true,  that  any  navigator  upon  the  high  seas,  who 
had  read  the  prologue,  could  not  do  otherwise  than  recognize 
the  place  though  he  had  never  previously  been  here. 

During  eight  months  in  the  year  no  boats  can  reach  Cape 
Prince  of  Wales.  In  the  summer,  the  United  States  mail  ar- 
rives twice  a  month ;  and  in  the  winter  there  is  a  weekly  mail 


Fig.  1.— Sketch-Map  op  Alaska. 


service  from  Nome.  The  winter  mail  is  carried  on  horse-sleds 
from  Valdez  to  Fairbanks  over  the  trail  shown  in  Fig.  1; 
thence  down  the  Yukon  river  to  Kaltag ;  across  the  portage  to 
Unalakleet;  and  along  the  coast  line  to  Nome  and  Tin  City. 
From  Fairbanks  to  Tin  City  the  mail  is  carried  by  dog-sled. 
The  total  distance  from  Valdez  (the  winter  sea-port)  is  a  little 
more  than  1,400  miles.  Mail  from  the  United  States  will  reach 
the  Cape  in  from  60  to  80  days.     There  is  a  telephone  line  to 
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Nome,  where  it  connects  with  the  United  States  military  tele- 
graph line  to  Seattle. 

Climate. 

The  summers  are  comparatively  cool,  60°  F.  being  the  high- 
est temperature,  while  45°  is  about  the  average  from  June  16 
to  Sept.  15,  At  Cape  mountain  a  very  large  part  of  the 
time  (at  least  one-half)  there  are  heavy  fogs  and  drizzling  rains, 
which  make  it  bad  for  all  outside  work.  The  wind  blows 
very  hard  at  times,  adding  a  great  deal  to  the  inclemency  of 
the  weather.  Freezing  temperatures,  with  snow-storms,  usu- 
ally set  in  about  Sept.  15.  Navigation  for  small  boats  from 
Nome  is  uncertain  after  Oct.  20,  although  in  1906  they  con- 
tinued to  run  until  Nov.  10.  By  Dec.  1  the  sea  is  usually 
sufficiently  frozen  to  permit  traveling  by  dog-sled  (Fig.  8)  on 
the  ice  near  the  beach.  The  winters  are  noted  for  very  severe 
blizzards  of  snow-ice  and  high  winds.  Yet  the  temperature 
does  not  drop  so  low  as  in  more  inland  places.  The  lowest 
temperature  for  the  winter  of  1905-6  was  — 45°  F.  During 
these  blizzards,  which  often  last  ten  days  at  a  time,  it  is  almost 
impossible  for  man  or  beast  to  endure  the  icy  blasts  as  they 
hurl  themselves  down  upon  him  from  the  polar  regions.  The 
changes  in  temperature  are  very  sudden,  as  shown  in  Table  L, 
which  I  compiled  from  daily  observations  from  Aug.  9,  1906, 
to  Feb.  23,  1907.  In  24  hr.  during  Jan.  8  and  9,  1907,  there 
was  a  drop  of  43°,  and  the  maximum  range  for  the  period  ob- 
served was  102°.  February  was  a  cold  month,  with  a  contin- 
uous blizzard  lasting  about  two  weeks. 

Table  II.,  the  weather  record^  covering  a  period  of  years  at 
the  Government  station  at  St  Michaels,  is  here  given  to  show 
something  of  conditions  at  that  place.  St.  Michaels  is  about 
225  miles  8£.  of  the  Cape,  and  is  the  place  nearest  to  Tin 
City  where  records  have  been  kept  for  any  length  of  time. 

^  Gravel  and  Placer  Mining  in  Alaska,  by  C.  W.  Purington,  BuUeHn  No.  263» 
U.  S.  Geological  Survey,  pp.  48,  49  (1905). 
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Table  n. — Rainfall  and  Temperature  at  St.  Michaels. 


Month. 

Rainfall. 

Average 

7  yre.  6  mos. 

Rainy 
Days. 

Temperature. 

Average 

llyrs. 

Inches. 

OF. 

Jan. 

0.9 

8.1 

7.4 

Feb. 

0.2 

6.6 

-2.3 

Mar. 

0.6 

7.4 

8.9 

Apr. 

0.4 

7.8 

19.9 

May 

1.3 

9.1 

33.1 

June 

1.6 

10.4 

46.3 

July 

2.6 

13.6 

63.6 

Aug. 

8.3 

16.7 

61.9 

Sept. 

4.0 

18.6 

43.9 

Oct. 

1.7 

11.4 

30.6 

Nov. 

1.2 

11.4 

16.6 

Dec 

0.8 

6.9 

4.8 

Total. 

18.3 

126.8 

Average  26.1 

During  seven  months  of  the  winter  the  climatic  conditions 
permit  little,  if  any,  outside  work,  although  freighting,  such  as 
hauling  ore,  could  he  performed  during  about  half  of  the  winter 
season.  Underground  work  can  be  carried  on  without  diffi- 
culty during  the  entire  winter,  but  it  is  absolutely  necessary  to 
get  all  supplies  in  before  Oct.  1.  The  ground  is  frozen  very 
deep,  and  some  prospect-shafts  and  tunnels  from  80  to  100  ft. 
below  the  surface  are  still  in  the  frost-zone.  No  well-water 
has  been  found ;  and,  for  domestic  purposes,  the  supply  comes 
from  thawing  the  snow  as  needed.  "Water  can  be  obtained 
near  the  beach  at  a  depth  of  12  ft,  but  it  is  too  salt  for  any 
purpose  other  than  milling.  A  supply  of  water  for  mill  use 
during  the  summer  can  be  obtained  from  the  melting  snows  on 
the  mountains  and  needs  no  pumping. 

The  operation  of  any  concentrating-plant  in  which  water 
takes  an  important  part  can  be  carried  on  only  during  four 
months  in  the  summer,  since  cost  of  fuel  will  be  prohibitive  in 
v^rinter. 

Vegetation. 

On  account  of  the  long  winters  and  very  short,  cool  sum- 
mers, it  is  surprising  to  find  such  a  variety  of  plants.  There 
are  no  trees,  nor  even  shrubs.  The  vegetation  consists  almost 
exclusively  of  moss  and  small  flowering  plants,  of  which  the 
forget-me-not  is  abundant.     I  have  seen  during  the  short  sum- 
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mer  30  or  40  varieties  of  these  delicate  flowers,  nearly  all  hav- 
ing bright  colors  and  most  fragrant  odors.  It  is  not  uncom- 
mon to  find  these  tender  plants  growing  alongside  of  deep 
snow  on  the  slopes  of  the  hills.  There  are  several  species  of 
moss,  which  furnish  food  for  the  reindeer,  and  though  grass 
is  scarce,  enough  plants  grow  to  give  the  low,  flat  places  a 
bright  green  appearance  during  August.  The  sunshine  in 
summer  lasts  from  18  to  23  hr.  a  day,  and  under  its  influence 
plants  come  out  very  quickly  after  the  snow  leaves  the  ground 
bare,  and  mature  quite  rapidly. 

Geology. 
Fig.  2,  of  Cape  mountain,  gives  a  good  idea  of  the  topography 
of  this  portion  of  Seward  peninsula.     When  the  geology  of 


Fig.  2. — Cape  Mountain,  from  the  East,  Showing  Topography. 

the  country  covered  by  the  map.  Fig.  3,  is  interpreted  we  are 
led  to  the  belief  in  a  very  marked  eruptive  period,  followed  by 
a  long  time-interval,  during  which  erosion  has  played  an  im- 
portant part.  The  western  end  of  the  mountain,  next  to  the 
Cape,  consists  of  a  granite  knob  2,300  ft.  high,  known  as  Cape 
mountain,  which  rises  so  abruptly  from  Bering  sea  that  there 
is  not  enough  strand  line  for  even  a  foot-path..  This  is  indi- 
cated in  Fig.  8.  To  the  north  the  mountain  slopes  gently  to 
the  Arctic  ocean,  where  there  is  quite  a  broad  margin  of  low 
ground,  formerly  sand-spits,  but  now  covered  with  tundra. 
These  sand-spits  are  still  forming,  and  inclose  a  series  of 
lagoons  along  the  coast,  the  largest  one  being  known  as  Lopp 
Lagoon.  East  of  Tin  City  there  is  a  broad  tundra-covered 
plateau  extending  to  the  York  mountains,  with  an  elevation  of 
from   300  to  400  ft.    above  sea-level.     This  plateau   is  very 
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much  dissected  by  short  valleys  extending  north  and  south, 
which,  during  the  summer,  are  water-ways  for  the  small 
streams.     On  the  western  side  of  this  plateau,  and  against  the 


Fig.  3.— GBOLOGicAii  Map  op  Cape  Mountain,  Cape  Prince  op  Wales, 
Alaska.     (Scale :  }  in.  =  1  mile. ) 

granite  mountain-mass,  are  three  limestone  terraces,  which 
have  the  appearance  of  ancient  beach-lines.  The  lower  one 
is  now  very  near  the  present  beach,  and  no  doubt  the  present 

[7] 


776         TIN-DEPOSITS   OF   CAPE   PRINCE   OP   WALES,   ALASKA. 

narrow  margin  along  the  coast  is,  in  places,  of  very  recent 
formation.  The  upper  terraces  I  am  inclined  to  consider  as 
the  remnants  of  a  monocline — or  the  west  limb  of  an  anticline, 
in  which  the  erosion  has  progressed  westward  from  a  N-S. 
axis  of  uplift.  Six  or  eight  miles  east  of  these  terraces,  which 
are  near  the  granite-lime  contact,  the  strata  dip  in  the  oppo- 
site direction,  and  thus  indicate  the  presence  of  the  two  limbs 
of  an  anticlinal  fold. 

The  surface  of  the  more  elevated  and  mountainous  portions 
shows  the  effect  of  frost  in  a  very  marked  degree.  The  freez- 
ing and  thawing  process  has  gone  on  so  long,  and  the  out- 
cropping rocks  have  been  broken  up  to  such  an  extent,  that 
practically  all  the  surface  is  covered  with  loose  fragments  to  a 
depth  of  from  5  to  20  ft.  On  the  steep  mountain-slopes  this 
dfebris  creeps  so  much  that  when  float-ore  is  found,  one  can 
hardly  even  guess  its  point  of  origin.  Except  for  some  of  the 
granite  monoliths  and  an  occasional  limestone  cliff,  outcrops 
are  scarce,  making  prospecting  very  diflicult. 

There  are  a  large  number  of  these  granite  monoliths  from 
20  to  75  ft.  high  and  of  grotesque  shapes,  standing  in  clusters, 
as  shown  in  Fig.  9.  One  of  these  columns.  Fig.  10,  has  the 
profile  of  a  man's  head  and  is  named  the  "  Wandering  Jew." 

The  granite  rocks,  Fig.  9,  are  exceptionally  good  examples 
of  wind-erosion.  These  rocks  stand  in  approximately  a  N-S. 
line,  with  the  north  at  the  left  of  the  photograph.  By  close 
observation,  it  will  be  noticed  that  the  left  side  of  these  rocks 
is  very  much  rounded  and  cut  away,  while  the  right  or  south 
side  is  very  angular.  The  prevailing  wind  at  this  place  is 
from  the  north,  and  it  usually  blows  with  a  high  velocity.  At 
times  the  force  is  so  great  that  it  is  almost  impossible  for  a 
man  to  keep  on  his  feet.  In  summer  the  wind  carries  more 
or  less  sand,  which  acts  as  a  sand-blast  on  these  giant  rocks, 
and  in  winter  vast  quantities  of  snow  and  ice  are  carried  by 
the  wind  and  assist,  though  to  a  lesser  extent,  in  the  destruc- 
tion of  the  monoliths.  The  view  of  the  Wandering  Jew,  Pig. 
10,  does  not  show  the  work  of  the  wind,  because  this  lone  rock 
stands  on  the  side  of  a  hill  where  it  is  very  much  protected. 

The  granite  is  somewhat  coarse  and  light  colored.  The 
feldspar  crystals  vary  in  size  from  a  small  fraction  of  an  inch 
to  2  in.  long.     The  hornblende  crystals  are  few  and  small,  and 
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biotite  is  the  prevailing  dark  mineral.  The  main  body  of 
granite  has  the  appearance  of  a  boss,  on  the  top  of  which  is  a 
lime  and  shale  cap.  From  this  main  boss  extend  intrusions 
into  the  lime  between  the  bedding-planes,  and  form  sills  which 
are  nearly  horizontal.  There  are  also  vertical  dikes,  from  a 
few  inches  to  30  ft.  thick,  radiating  from  the  central  core  and 
extending  into  the  lime.  These  dikes  appear  to  have  the  same 
textare  as  the  granite  along  the  main  contact,  and  are  probably 
contemporaneous  with  it.  At  one  place  I  found  a  dike  of 
rhyolite-porphyry  cut  through  the  coarse  granite.  The  contact 
between  the  two  masses  is  very  sharp  and  showed  no  decompo- 
sition of  either.  At  the  contact  the  rhyolite  and  granite  were 
actually  fused  together. 

There  were  at  least  three  periods  of  disturbance  after  the 
deposition  of  the  limestone :  1.  Eruption  of  the  main  granite- 
mass.  2.  Intrusion  of  rhyolite-dikes.  3.  Intrusion  of  basalt- 
dikes. 

After  the  limestone  had  been  deposited  came  the  great  up- 
lift, which  formed  the  mountain,  and  tilted  the  limestone-beds, 
shown  in  Figs.  4,  5,  6  and  7.  Then  came  a  period  of  rest  and 
the  whole  mass  solidified.  Following  this  was  very  likely  a 
long  time-interval,  during  which  erosion  played  an  important 
part.  Then  came  the  intrusion  of  rhyolite-dikes,  as  mentioned 
above.  I  also  found  one  basalt-dike  which  cut  through  both 
the  granite  and  lime,  at  the  contact  of  the  latter.  No  place 
was  found  where  the  basalt-  and  rhyolite-dikes  cut  each  other ; 
but  on  account  of  the  acidity  of  the  rhyolite  it  is  probably  the 
older  of  the  two.  The  basic  rocks  have  a  lower  freezing-point. 
It  is  not  at  all  likely  that  the  acid  and  basic  dikes  were  intruded 
at  the  same  time,  for  the  two  observed  were  only  a  few  yards 
apart. 

The  limestone  still  retains  its  bedding-planes,  and  is  gen- 
erally of  fine  grain  and  bluish  color.  In  places  near  the  con- 
tact with  the  granite  it  has  become  crystalline,  while  at  others 
it  is  more  siliceous,  with  stringers  of  quartz  between  the  bed- 
ding-planes; a  large  amount  of  the  lime  at  the  contact  near  the 
beach,  as  well  as  at  the  contact  near  the  top  of  Cape  mountain, 
shown  in  Fig.  11,  has  altered  to  woUastonite.  I  found  neither 
garnet  nor  fluorite  in  this  contact-zone. 

There  are  four  places  where  there  is  still  some  limestone  on 
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top  of  the  granite,  as  shown  in  Fig.  3.  Toward  the  top  of 
Cape  mountain,  as  well  as  near  the  Indian  village,  the  lime- 
stone becomes  more  shaly,  and  even  schistose  in  character. 

I  found  three  fossils  in  the  lime,  one  near  the  Indian  village 
(Wales  P.  O.)  and  one  three  miles  east.    Another  was  found 
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Figs.  4,  6,  6  and  7.— Geological  Sections,  Cape  Mountain. 

on  the  beach  about  two  miles  south  of  the  last  one  above  men- 
tioned. All  three  were  alike  and  silicified,  but  no  report  has 
yet  been  made.  Mr.  A.  J.  Collier  has  reported  that  the  fossils 
from  this  section  belong  to  the  Carboniferous  age.* 

'  History  of  Explorations  and  Surveys  in  Geography  and  Geology  of  Alaska, 
by  A.  H.  Brooks,  Professional  Paper  No.  45,  UnUed  Stales  Oeologieal  Survey,  pp. 
206,  217,  224  (1906). 
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Fig.  8. — Bering  Sea  Ice,  Extkndino  Direct  to  the  Base  op  the  Granite 
Cliff,  with  Man  and  Dog-Team  in  the  Foreground. 


Fig.  9. — Monoliths  of  Weathered  Granite  Rocks,  from  2o  to  75  ft. 

High. 
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Fig.  10. — The  "Wanderincj  Jew,'*  about  40  ft.  High. 


Fio.  11. — Limestone  Bedding  Near  Top  op  Cape  Mountain. 
Streaks,  Marked  *'W,"  are  Wollastonite. 
[12] 
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As  shown  in  Figs.  4,  5, 6  and  7,  the  limestone  dips  to  the  west 
at  an  angle  of  5°  to  16°,  with  a  strike  of  K  10°  E. 

Near  the  beach  the  contact-line  between  the  limestone  and 
granite  is  vertical,  and  about  two  miles  farther  north  it  dips 
east  80°  (Fig.  6).  One-half  mile  farther  to  the  north  it  dips 
60°  W.  The  slickensides  show  that  some  movement  has  taken 
place  along  this  line. 

In  addition  to  the  main  contact,  there  are  occasional  bodies 
of  limestone  which  have  been  caught  in  the  molten  granite, 
and  are  now  held  as  inclusions.  It  is  alongside  one  of  these  that 
the  best  tin-ore  has  been  found.  This  particular  body  of  lime- 
stone is  about  20  ft.  thick. 

Tin-Dbposits. 

At  a  number  of  places  on  Cape  mountain  a  little  float  tin-ore 
has  been  discovered,  but  not  enough  to  be  of  importance.  The 
lode-deposits  are  also  small,  at  least  as  far  as  present  develop- 
ments show.  Much  of  the  granite  carries  traces  of  tin,  and 
occasionally  small  stringers  of  cassiterite  exist  along  very  fine 
fractures  in  it.  In  one  case  a  stringer  from  1  to  2  in.  thick  was 
found  which  was  nearly  vertical.  This  stringer  passed  through 
the  granite,  and  also  along  the  bedding-planes  of  the  lime- 
stone, showing  the  tin  to  be  later  in  origin  than  the  limestone. 

The  cassiterite  found  in  the  limestone  was  crystalline  and 
exhibited  good  faces.  Associated  with  it  was  quartz  and 
limonite.  The  stringer  of  cassiterite  in  the  granite  was  more 
massive  and  had  the  appearance  of  a  local  enrichment.  There 
was  no  marked  line  of  contact ;  the  center  was  almost  pure 
cassiterite,  and  passing  from  this  to  the  granite  the  tin  oxide 
seemed  to  give  place  to  the  biotite  and  feldspar  until  the 
normal  granite  was  reached  on  either  side.  At  one  point  of 
contact  there  is  an  iron  selvage  varying  from  a  few  inches  to 
4  ft.  thick.  The  iron  oxide  (limonite)  is  quite  pure  and  con- 
tained no  tin.    The  tin  at  this  place  seems  to  be  in  the  granite. 

Along  this  granite-limestone  contact  there  is  an  excellent  ex- 
ample of  the  formation  of  tourmaline.  All  the  necessary  con- 
ditions are  provided.  The  granite  above  the  limestone  lies 
almost  horizontal,  and  must  have  provided,  when  in  the  molten 
and  viscous  state,  practically  a  reverberatory  furnace.  This 
overlying  mass,  by  reason  of  its  weight,  would  retain  emanating 
gases  under  pressure.     All  the  constituents  of  tourmaline  are 

[13] 


782         TIN-DBPOSITS   OF   CAPE   PRINCE   OF   WALES,   ALASKA. 

at  hand :  lime  Id  the  limestone ;  iron,  magnesium,  aluminum, 
sodium,  potassium,  boron  and  silicon  in  the  granite.  Boric 
fluoride  is  very  readily  absorbed  by  water  (700  volumes  of 
BF,  to  1  of  H,0),  and  in  this  way  it  may  have  been  supplied  by 
the  crystallizing  granite.  The  tourmaline  has  formed  on  the 
lower  side  of  the  granite  and  exhibits  well-developed  crystals 
in  quantity.  As  depth  in  the  granite  is  gained,  the  amount  of 
tourmaline  diminishes.  Below  the  tourmaline-granite,  and 
resting  immediately  on  the  limestone,  is  a  quantity  of  filling 
consisting  largely  of  limonite  and  free  quartz.  This  iron  has 
undoubtedly  been  precipitated  here  as  a  sulphide,  and  is  now 
the  product  of  oxidation.  This  change  has  been  wrought  when 
climatic  conditions  were  milder  than  now,  for  it  is  all  in  the 
frozen  zone. 

The  presence  of  an  occasional  stringer  of  cassiterite  in  the 
granite,  now  in  place,  would  indicate  that  the  float  tin-ore  on 
the  surface  is  simply  a  residual  product  of  decomposition  of 
the  granite.  It  might  be  used  as  proof  that  there  are  still 
rich  bodies  of  ore  here ;  but  it  is  more  reasonable  to  regard  the 
float  as  representing  stringers  and  veinlets  that  have  existed 
in  bygone  ages.  Erosion  has  been  great,  and  it  is  not  an  easy 
matter  to  say  to  what  extent  these  deposits  have  been  carried 
away.  Placer  tin-ore  is  found  in  many  places  on  the  Seward 
peninsula,  and  no  doubt  all  has  the  same  origin. 

On  the  whole,  not  enough  work  has  been  done  to  obtain 
very  much  information  concerning  the  size  and  continuance  of 
the  lode-deposits.  All  that  can  be  said  now  is  that  they  are 
not  large  enough  to  pay  to  work.  Some  of  these  stringers 
may  improve  as  depth  is  gained,  but  that  remains  to  be  seen. 

Sampling  and  Assaying. 
The  assay  was  usually  made  on  100  g.  of  pulp  of  GO-mesh 
size  obtained  from  the  sample,  which  was  taken  to  represent 
as  nearly  as  possible  an  average  value.  This  pulp  was  care- 
fully panned  until  most  of  the  gangue  had  been  washed  oflT, 
leaving  a  concentrate  of  about  10  g.  containing  cassiterite,  with 
small  amounts  of  pyrite,  iron  oxide  and  tourmaline,  together 
with  some  other  gangue  materials  clinging  to  them.  This 
concentrate  was  then  digested  in  nitro-hydrochloric  acid  for 
an  hour,  or  longer,  until  all  the  soluble  parts  were  dissolved, 
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leaving  most  of  the  tin  oxide  reasonably  clean.  The  residue, 
containing  some  quartz  and  tourmaline,  was  then  thoroughly 
washed,  dried  and  weighed.  A  fire-assay  on  a  number  of  these 
pannings  gave  an  average  of  70  per  cent  of  metallic  tin,  while 
pure  cassiterite  contains  78  per  cent. 

By  practice  and  careful  work  in  the  panning  and  acid-treat- 
ment, uniform  results  can  be  obtained.  I  made  800  tests  on 
various  samples  in  this  manner  and  considered  my  final  con- 
centrate as  70  per  cent,  of  metallic  tin.  Though  not  absolutely 
correct,  this  method  of  assay  is  sufficiently  accurate  for  testing 
country-rock,  float-material,  grab-samples  from  ore-dumps,  and 
prospectors*  samples.  Moreover,  when  at  a  distance  from  a  well- 
equipped  laboratory,  the  best  use  has  to  be  made  of  the  tools 
and  supplies  that  are  available. 

The  charge  for  the  fire-assay  was  made  up  as  follows :  10  g. 
of  concentrates  from  ore  was  thoroughly  mixed  with  40  g.  of 
KCN  (98  per  cent) ;  5  g.  of  KCN  was  placed  in  the  bottom  of 
the  crucible,  the  charge  then  added,  and  covered  with  5  g.  of 
KCN.  The  time  of  fusion  in  gasolene  iurnace,  from  15  to 
25  min.,  gave  a  metallic  tin  button  ready  to  be  weighed.  No 
analysis  of  the  tin  button  was  made  to  determine  its  purity. 

Of  36  samples  of  granite,  18  contained  a  trace  of  tin,  while 
23  showed  none.  Those  that  had  any  tin  whatever  were  the 
ones  nearest  the  contact,  or,  in  other  words,  in  the  outer  shell  of 
the  granite.  Phillips  and  Louis,  in  describing  a  mine  in  New 
South  Wales,  report  that  "  the  tin-bearing  portion  of  the  granite 
is  practically  confined  to  a  belt  that  forms  the  outer  crust  of 
the  boss."*  The  portion  of  the  vein-matter  which  could  be 
taken  as  ore  for  treatment  has  a  very  low  tin-content. 

Mining. 
Down  to  the  present  time  very  little  mining  has  been  done, 
but  there  has  been  considerable  prospecting  by  a  half  dozen 
concerns.  A  large  part  of  this  prospecting  has  been  in  the 
shape  of  open  cuts  and  costeaning  trenches,  in  the  endeavor  to 
find  the  ledge  firom  which  the  fioat-ore  has  come.  The  surface 
of  the  ground  consists  of  so  much  loose  earth  and  boulders, 
that  it  is  very  difficult  to  obtain  good  results  from  open  work. 
During  the  short  summers,  the  ground  will  thaw  only  to  a 

»  Treatise  on  Ore-Depomta,  Phillips  and  Louis,  p.  668  (1896). 
[15] 
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depth  of  from  3  to  4  ft. ;  and,  below  this,  the  digging  is  very 
hard.  If  the  open  cut  is  on  level  ground,  the  melting  ice  and 
snow  will  flood  it  with  water,  so  that  it  is  necessary  either  to 
abandon  the  work,  or  to  put  in  a  pump,  before  bed-rock  can  be 
reached. 

Prospecting  has  been  carried  on  continuously  since  1902, 
the  largest  operations  being  those  of  the  Bartels  Tin  Mining 
Co.  The  mining  work  consisted  of  a  large  number  of  open 
cuts  from  10  to  100  ft.  long,  many  of  which,  however,  did  not 
reach  bed-rock ;  a  number  of  short  tunnels,  and  two  shafts,  one 
80  ft.  and  one  40  ft.  deep.  In  two  or  three  places  some  cassit- 
erite  was  found  in  situ.  The  surface  improvements  consist  of  two 
bunk-houses,  two  warehouses,  a  barn,  a  blacksmith's  shop  and  a 
power-house  for  electric  drills.  A  Merrill  3-stamp  mill  was 
installed  two  years  ago,  comprising  one  25-h.p^  Model  gas-en- 
gine, a  Blake  crusher,  a  hydraulic  classifier,  and  two  Wilfley 
tables.  The  plant,  which  has  a  capacity  of  about  one  ton  per 
hour,  was  operated  during  the  summer  of  1906,  and  a  small 
shipment  of  concentrates  was  obtained. 

The  next  largest  company  operating  is  the  U.  S.  Alaska  Tin 
Mining  Co.,  owning  a  number  of  claims  on  the  north  slope  of 
Cape  mountain.  The  underground  work  consists  of  one  small 
and  shallow  shaft,  and  a  tunnel  about  250  ft.  long.  A  10- 
stamp  mill  has  been  installed. 

During  the  summer  of  1906,  Risley  and  Arrowsmith  did 
some  prospecting  by  the  use  of  the  calyx  core-drills.  Several 
holes  were  bored  to  a  depth  of  from  50  to  100  ft.  through  lime 
to  the  granite-contact,  but  I  do  not  know  what  results  were  ob- 
tained. 

There  are  several  minor  prospect-diggings,  but  they  do  not 
seem  to  be  important  or  prominent. 

Economic  Conditions. 

Table  III.  gives  the  "  quantity  "  prices  that  the  mining  com- 
panies have  to  pay  for  supplies  if  purchased  at  Nome,  also  the 
corresponding  prices  at  Seattle. 

The  cost  of  labor  during  summer  and  winter  is  |5  per  day, 
plus  board  and  lodging.  At  Nome,  the  rate  in  winter  is  f4 
and  in  summer  $5  per  day,  including  board. 

The  outlook  for  the  tin-mining  industry  at  Cape  Prince  of 

[16] 
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Table  III. — Prices  of  Supplies  at  Nome  and  Seattle, 


Commodity. 


Lumber. 

Coal 

Flour  (best).... 

Fresh  beef 

Eggs  (30  doz.  to  case) 
Goal  oil  (10-gal. 

Hay... 

Oats 

Bran , 

Hams  and  bacon 


Price  at  Seattle. 


113  per  M. 
$5.90  per  ton. 


Price  at  Nome. 


$40  per  M. 

$18  per  ton. 
per  ton.  $80  per  ton. 
1 15  to  20c  per  lb. 


$1.55  per  case. !  $3.50  to  $4.25 


$23  per  ton. 
$30  per  ton. 
$18  per  ton. 


$47.50  per  ton. 
$52.50  per  ton. 

$40  per  ton. 
19to25c.perlb 


Freight  from 
Nome  to  Tin  City. 


$22.50  per  M. 

$15  per  ton. 

$15  per  ton. 
f  c  per  lb. 

$1  per  case. 
75c.  per  case. 
$22.50  per  ton. 

$15  per  ton. 

$22.50  per  ton. 

fc.  per  lb. 


Freight 
firom  Seattle 
to  Tin  City. 


Wales  does  not  seem  to  be  encouraging.  A  number  of  ship- 
ments of  tin-ore  (placer)  have  been  made  from  Seward  Penin- 
sula, but  all  were  small,  and  in  every  case  the  amount  realized 
on  the  shipment  was  far  less  than  the  cost  of  production.  A 
large  number  of  companies  have  been  organized  for  the  ex- 
ploitation of  the  stream-tin  deposits,  of  which  many  have  gone 
out  of  business,  only  to  be  followed  by  others  trying  to  work 
the  same  ground.  So  far  as  I  know,  the  deposits  are  small 
and  of  low  value.  This  condition,  and  the  short  working- 
season  in  summer,  the  high  price  of  supplies,  freight  and  labor, 
combine  to  retard  the  progress  of  any  concern  that  has  the 
production  of  tin-ore  as  its  object.  Similar  conditions  apply 
also  to  all  the  "  quartz  "  tin-mining,  by  which  term  the  miners 
mean  tin-ore  in  situ.  Not  only  is  the  ore  low  grade,  but  the 
quantity  is  a  very  uncertain  factor.  With  a  large  quantity  of 
ore,  it  might  pay  to  work  values  of  2  per  cent,  of  metallic  tin, 
in  spite  of  the  high  cost  of  everything  that  enters  into  its  pro- 
duction. Mr.  Hess,  in  speaking  of  the  tin-deposits  of  the  Cape, 
says  :*  "  It  seems  safe  to  figure  that  under  present  condi- 
tions nothing  less  than  2.5  per  cent,  ore  can  be  worked  with  a 
reasonable  assurance  of  profit.  "     The  following  values  of  ores 


*  In  BvlUHn  No.  284,  United  StaUss  Geologieal  Survey,  p.  156  (1905). 
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worked  at  various  places  have  been  reported:*  Mt.  Bischoft*, 
Tasmania,  1.25  per  cent  of  Sn ;  Stannary  Hills  M.  &  T.  Co., 
So.  Australia,  8.12  per  cent,  of  SnO^;  Lancelot  Lode, 
Queensland,  from  8  to  4  per  cent,  of  SnO, ;  Bolivia,  "  Under 
favorable  conditions,  [ores]  as  low  as-  8  per  cent,  may  be 
worked  at  a  small  profit."  Dolcoath,  2  per  cent,  of  black  tin ; 
Carnbrea  and  Tincroft  Mines,  Ltd.,  1.5  per  cent,  of  black  tin. 
Once  underground,  the  work  of  mining  can  be  carried  on  the 
entire  year  without  much  difficulty.  The  season  for  milling  the 
ore  is  necessarily  very  short — possibly  five  months  at  the  most 
Table  IV.  gives  the  annual  output  of  tin  in  various  countries 
of  the  world  during  1905  and  1906.*  It  is  to  be  noted  that 
the  United  States  is  conspicuous  by  its  absence. 

Table  IV. — The  Principal  Tin  Supplies  of  the  World,  During 
1905  and  1906,     {In  Tons  of  2,240  W.) 


English  Productions 

Straits  to  Europe  and  America 

Straits  to  India  and  China 

Australia  to  Europe  and  America.. 

Banka  sales  in  Holland 

Billiton  sales  in  Java  and  Holland 

Bolivian  arrivals  on  Continent ) 

Bolivian  arrivals  in  England / 

Totals  in  long  tons 

Totals  in  metric  tons 


1905. 


1906. 


4,4G8 

4,920 

56,847 

57,138 

1,700 

1,300 

6,028 

6,888 

9,960 

9,300 

2,715 

1,960 

12,500 

14,700 

93,218 

96,196 

94,709 

97,735 

It  is  to  be  hoped  that  the  tin-deposits  in  this  section  may 
prove  to  be  of  commercial  importance.  It  must  be  said,  how- 
ever, that  much  time  and  money  will  be  required  to  put  the 
industry  in  Alaska  on  a  paying  basis.  At  the  present  time, 
operations  are  in  the  prospecting  stage,  and  it  is  merely  conjec- 
ture to  say  what  will  be  the  outcome. 
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which  are  described  some  things  that  I  have  independently  ob- 
served. 
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Coal-Briquetting  in  the  United  States.* 

BY  EDWARD  W.  PARKER.  WASHINGTON,  D.  C 

*  Published  by  permisBion  of  the  Director  of  the  U.  p.  Geological  Survey. 

(Toronto  Meeting,  July,  1907.) 

Note. — ^The  material  from  which  this  paper  has  been  prepared  was  collected 
for  the  U.  &  Geological  Survey  BuUetiut  Contributions  to  Economic  Geology,  1906, 
and  appears  also,  though  in  somewhat  more  extended  form  without  illustrations, 
in  that  publication. 

Although  the  briquetting  of  coals  and  lignites  has  been  car- 
ried on  for  many  years  in  Europe,  and  has  reached  a  particu- 
larly high  state  of  development  in  France,  Belgium,  and  Ger- 
many, it  has  made  comparatively  little  progress  in  the  United 
States.  The  causes  for  the  backwardness  of  the  United  States 
in  this  regard  are  several,  and  first  among  them  has  been  the 
abundant  supply  of  cheap  raw  fuel  with  which  the  manufac- 
tured  article  has  to  compete.  With  our  millions  of  acres  of 
coal-productive  territory,  from  which  the  product  can  in  most 
cases  be  cheaply  extracted,  it  has  appeared  in  many  districts 
more  economical  to  waste  the  slack  or  culm,  which  con- 
stitutes a  considerable  percentage  of  the  product,  than  to 
attempt  to  save  it  at  the  additional  expense  required  for  bri- 
quetting. It  is  for  this  reason  that  the  view  in  all  sections  of 
the  anthracite-region  of  Pennsylvania  is  marred  by  the  un- 
sightly culm-banks  which  encumber  the  ground,  and  that  in 
some  of  the  bituminous-districts  one  sees  huge  piles  of  un- 
marketable slack  allowed  to  burn  up  in  order  to  get  rid  of 
them.  When  the  coal  is  of  a  coking  quality,  or  when  the 
slack  can  be  used  for  steaming-purposes,  these  losses  are  not 
sustained,  but  many  thousands  of  tons  of  what  might  be  con- 
verted into  usable  fuel  have  been  wasted  every  year  simply  be- 
cause of  the  increased  expense  involved  in  its  preparation. 
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The  rational  development  of  the  briquetting-industry  has 
also  been  retarded  by  the  attempts  to  exploit  patented  or  secret 
processes  for  which  all  kinds  of  extravagant  claims  have  been 
made,  but  which  have  almost  invariably  proved  expensive  and 
unprofitable,  and  the  investment  of  capital  in  enterprises  of 
this  character  has  been  discouraged  accordingly.  The  Patent 
Office  records  teem  with  patents  issued  on  all  sorts  of  inven- 
^tions  relating  to  binders,  many  of  which  are  as  fancifiil  as  the 
idea  of  perpetual  motion. 

Another  reason  for  the  failure  to  build  up  a  briquetting-in- 
dustry in  the  anthracite-region  of  Pennsylvania,  where  the  best 
opportunity  for  its  development  is  offered,  has  been  the  opposi- 
tion shown  by  some  of  the  operators  to  the  introduction  of  a 
manufactured  domestic  fuel  which  would  come  into  competi- 
tion with  the  prepared  sizes  of  anthracite.  And  such  an 
opposition  is  natural.  The  competition  of  bituminous  coal  has 
almost  entirely  shut  out  anthracite  as  a  steam-fuel.  The  use 
of  coke  has  supplanted  the  use  of  anthracite  for  iron-making, 
and  the  use,  for  domestic  purposes,  of  coke  and  gas  made  from 
bituminous  coal  is  growing.  Owing  to  the  greater  depths  to 
which  the  mining  of  anthracite  is  being  carried,  the  thinner 
and  less  favorably  located  beds  which  are  being  worked,  and 
to  the  increasing  tendency*  in  labor-cost,  the  mining  and  pre- 
paring of  anthracite  are  constantly  becoming  more  expensive  on 
one  hand,  while  competition  is  becoming  more  keen  on  the 
other.  A  certain  rate  of  production  must  be  kept  up  for  the 
protection  of  the  properties  themselves,  and  when  all  these 
conditions  are  considered,  the  unfavorable  attitude  on  the  part 
of  the  operators  toward  further  competition  is  at  least  realizable. 

Still  another  reason  which  has  been  assigned,  rightly  or 
wrongly,  for  our  halting  progress  in  fuel-briquetting  has  been 
the  lack  of  assurance  of  a  regular  supply  of  coal-tar  pitch  at 
reasonably  low  prices.  Out  of  the  many,  and  sometimes  costly, 
attempts  that  have  marked  the  incubating  period  of  briquet- 
ting  development  has  grown  the  knowledge  that  coal-tar  pitch 
must  be  relied  upon  to  supply,  in  the  eastern  States  at  least, 
all,  or  the  greater  part,  of  the  binding-material.  In  California, 
Arizona,  and  other  parts  of  the  far  West,  asphaltic  pitch,  the 
residual  product  from  the  refining  of  the  heavy  asphalt-base 
petroleums  of  that  region,  has  been,  and  is  now,  successfully 

[2] 


COAL-BRIQUETTING   IN   THB   UNITED   STATES.  791 

used  in  recently  constructed  briquetting-plants.  But  in  the 
East,  coal-tar  pitch  is  the  base  of  the  economically  successful 
cementing-material.  The  extended  investigations  carried  on 
at  the  U.  S.  Geological  Survey  coal-testing  plant  at  St.  Louis 
bear  out  this  statement.^  These  investigations  included  ex- 
periments with  all  kinds  of  organic  and  inorganic  binders,  em- 
bracing, besides  coal-tar  pitch,  such  materials  as  rosin,  sugar- 
house  refuse,  molasses,  acid-sludge,  quick-lime,  and  various 
mixtures.  The  results  show  that  coal-tar  and  asphaltic  pitch 
are  the  only  really  successful  binders.  Any  materials  used 
with  them  must  possess  above  all  others  the  essential  virtue 
of  cheapness. 

But  while  it  is  claimed  that  the  briquetting-industry  has 
been  held  back  by  the  lack  of  assurance  of  a  steady  supply  of 
coal-tar  pitch,  it  also  happens  that  one  of  the  reasons  assigned 
for  the  comparatively  slow  development  of  the  by-product 
coking-ovens  in  the  United  States  in  the  last  few  years  is 
the  lack  of  a  profitable  demand  for  coal-tar,  one  of  the  prin- 
cipal by-products  of  the  retort  coke-ovens.  It  is  well  known 
that  the  demand  for  creosoting-oils  to  be  used  for  the  preser- 
vation of  ties,  bridge-timbers,  etc.,  by  the  railroad-companies 
is  far  beyond  the  present  domestic  production  of  that  coal-tar 
product,  and  the  statistics  compiled  by  the  Bureau  of  Statistics, 
Department  of  Commerce  and  Labor,  show  that  our  imports  of 
the  chemical  products  of  coal-tar  exceed  $10,000,000  in  value 
yearly.  To  the  ordinary  observer  it  would  appear  that  the 
conditions  here  presented  afford  an  opportunity  for  the  organ- 
ization of  a  community  of  interests  which  would  prove  profit- 
able to  the  projectors  and  beneficial  to  the  general  public.  The 
constantly  increasing  expense  involved  in  the  mining  and  prep- 
aration of  anthracite  coal  is  making  that  commodity  slowly 
but  surely  more  and  more  of  a  luxury,  and  manufactured  fuel 
which  will  take  the  place  of  anthracite  for  domestic  use,  partic- 
ularly among  consumers  of  moderate  means,  appears  to  be 
needed.  This  is  especially  true  in  the  northeastern  section  of 
the  United  States. 

Two  of  the  briquetting-plants  recently  constructed,  and 
which  are  discussed  in  more  detail  in  the  following  pages,  in- 

1  UnUed  States  Qe6U>gieal  Survey  BvUetins  Nos.  261  and  290,  and  Profeational 

Paper  No.  48. 
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dicate  somewhat  of  a  "getting  together"  of  the  coal-tar  pro- 
ducing and  the  briquetting-interests.  These  are  the  plants  of 
the  United  Gas  Improvement  Co.,  at  Point  Breeze,  Philadel- 
phia, and  of  the  Semet-Solvay  Co.,  at  Del  Ray,  Mich.  Both 
companies  are  producers  of  coal-tar,  and  the  plants  have  been 
constructed  for  the  purpose  of  briquetting  mixtures  of  anthra- 
cite-culm and  coke-breeze. 

It  appears  now,  moreover,  that  the  period  of  failure  and  dis- 
couragement has  passed,  and  that  the  manufacture  and  use  of 
briquetted  fuel  is  being  placed  upon  a  substantial  footing. 
The  first  successful  plant  in  the  United  States  of  which  I  have 
any  definite  knowledge  was  one  built  at  Stockton,  Cal.,  a 
few  years  ago  by  the  San  Francisco  &  San  Joaquin  Coal  Co. 
This  plant,  unfortunately,  was  entirely  destroyed  by  fire  in 
1905,  and  the  plans  for  its  reconstruction,  this  time  at  San 
Francisco,  were  interrupted  by  the  earthquake  and  fire  which 
destroyed  a  large  portion  of  that  city  in  April,  1906. 

During  the  past  two  years  a  number  of  briquetting-plants 
have  been  constructed,  and  as  complete  descriptions  of  them 
as  it  has  been  possible  to  obtain  are  given  in  the  subsequent 
pages.     Some  of  them  have  been  put  in  operation  since  Jan. 

1,  1907. 

New  York,  N.  T. 

New  Jersey  Briquetting  Go, — ^During  1904  and  1906  the  New 
Jersey  Briquetting  Co.  of  New  York  constructed  at  the  foot  of 
Washington  Street,  in  Brooklyn,  a  plant  for  exploiting  the  bri- 
quetting-process  of  the  Zwoyer  Fuel  Co.  This  plant  was  in- 
tended to  be  operated  in  connection  with  a  coal-yard  on  Adams 
Street,  but  during  the  construction  of  the  piers  and  anchorages 
for  the  new  Manhattan  bridge,  the  company  was  prohibited 
from  operating  the  tramway  from  the  coal-yard  to  the  plant. 
This  naturally  interfered  with  the  operations  of  the  plant,  and 
as  extensive  storage-capacity,  either  for  raw  material  or  for  the 
product,  had  not  been  provided  for,  the  work  already  done  has 
been  accomplished  under  much  disadvantage.  The  prohibi- 
tion put  upon  the  tramway,  and  the  lack  of  dock-facilities  for 
loading  and  unloading  material,  have  crippled  the  plant  to  such 
an  extent  that  what  was  supposed  to  be  an  excellent  location 
has  turned  out  to  be  an  unfortunate  one,  and  the  present 
methods  of  receiving   and  handling  the   material  make   the 
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operations  too  expensive  for  successful  competition  of  the  bri- 
quettes with  raw  fuel.  As  a  result  of  these  unfortunate  condi- 
tions it  is  proposed  to  remove  the  plant  to  a  site  better  adapted 
for  the  receiving,  storage,  and  shipment  of  material.  The 
officials  of  both  the  New  Jersey  Briquetting  Co.  and  the 
Zwoyer  Fuel  Co.  are  entirely  satisfied  with  the  experimental 
results,  and  are  confident  of  making  the  enterprise  a  commer- 
cial success. 

A  description  of  the  plant  in  Brooklyn  has  already  been 
published,*  and  the  following  notes  are  partly  abstracted  there- 
from and  partly  furnished  by  Mr.  Virgil  H.  Hewes,  Treasurer 
of  the  Zwoyer  Fuel  Co. 

Prior  to  the  construction  of  the  plant  in  Brooklyn,  the 
Zwoyer  Fuel  Co.  had  built  a  small  experimental  plant  in  Jersey 
City,  K  J.,  but  while  this  was  of  sufficient  capacity  for  this 
purpose,  it  was  not  large  enough  to  be  operated  as  a  commer- 
cial undertaking,  and  was  abandoned. 

It  may  be  stated  here  that  after  a  considerable  expenditure 
of  time  and  money  in  experimenting  with  different  kinds  of 
binders,  coal-tar  pitch  was  decided  upon  as  best  suited  to  the 
work,  a  decision  which  has  been  generally  reached  in  the 
eastern  States,  as  asphaltic  pitch  has  been  adopted  in  the  far 
West,  where  that  article  is  cheaply  obtained.  During  the  pro- 
gress of  the  experimental  work,  about  200  tons  of  briquettes 
were  made  with  a  binder  composed  of  6.25  per  cent,  of  rosin 
and  oil,  1.5  per  cent,  of  flour  and  water,  and  from  6  to  10  per 
cent,  of  bituminous  coal,  the  body  of  the  briquette  being  an- 
thracite-dust. About  900  tons  of  briquettes  were  made,  using 
from  5  to  7  per  cent,  of  rosin  and  oil  and  10  per  cent,  of  bitu- 
minous coal;  400  tons  were  made  with  from  5  to  7  per  cent,  of 
wood-pitch  and  10  per  cent,  of  bituminous  coal,  and  1,500  tons 
were  made  with  from  6  to  7  per  cent,  of  coal-tar  pitch  alone. 
In  applying  the  binder  during  the  last  three  experiments  an 
atomizer  was  used. 

The  plant  in  Brooklyn  has  a  capacity  of  10  tons  per  hour, 
and  was  built  for  the  purposes  of  demonstration.  During  the 
winter  and  spring  of  1905-6  about  3,000  tons  of  anthracite-bri- 
quettes were  made  and  sold.     The  price  received  was  (5  per 

« Iron  Age,  vol.  Ixxvii.,  pp.  1330  to  1333  (1906). 
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ton  of  2,000  lb.  at  the  plant,  $5.50  per  ton  delivered,  and 
f6.60  per  ton  in  bags  of  100  lb.  each.  These  prices  were 
(0.50  below  the  prices  of  the  domestic  sizes  of  anthracite. 

A  plan  of  the  building,'  which  is  nearly  triangular  in  out- 
line, is  shown  in  Fig.  1,  which  gives  also  the  general  arrange- 
ment of  the  machinery. 

The  anthracite-dust  is  received  on  Washington  Street  at  the 
end  of  a  screw-conveyor,  which  carries  it  to  the  foot  of  an 
elevator,  where  it  is  lifted  to  the  top  of  the  plant  and  is  then 
spouted  to  a  screen  located  over  the  dust-bin.  The  coarser 
material  is  spouted  either  to  the  boiler-room  or  to  an  over-size 
bin  in  the  rear  of  the  dust-bin,  and  from  here  fed  into  a  crusher 
and  then  passes  to  the  foot  of  the  dust-elevator,  where  it  is 
again  carried  to  the  screen.  The  dust  is  drawn  from  the  dust- 
bin by  a  conveyor  driven  from  a  variable-speed  countershaft, 
and  is  fed  to  the  16-iil.  by  86-in.  roll-crusher.  It  then  passes 
to  an  elevator  which  carries  it  to  the  mixers.  After  passing 
through  mixers  Nos.  1  to  6  it  is  carried  to  the  second  floor, 
when  it  falls  into  the  press-hopper. 

From  the  press  the  briquettes  are  carried  by  a  belt-conveyor 
to  the  baking-oven  (when  smokeless  briquettes  are  wanted), 
and  are  then  elevated  to  and  distributed  upon  the  cooling- 
table,  which  is  located  on  the  second  floor.  After  cooling,  the 
briquettes  are  run  into  chutes  and  loaded  into  wagons  for  de- 
livering, or  are  stored.  In  New  York  the  briquettes  sold 
readily  when  not  baked. 

On  one  side  of  the  dust-bin  a  soft-coal  bin  was  built  from 
which  soft  coal  was  fed  into  a  19-in.  by  4-in.  roll-crusher  and 
passed  to  the  same  elevator  which  carries  the  dust  to  the 
mixers.  Development  has  shown  that  it  is  not  necessary  to 
use  the  soft  coal  with  anthracite-dust.  However,  this  bin  is 
used  when  experimental  runs  are  made  requiring  the  mixing 
of  different  materials  with  the  dust. 

The  Binder. — Coal-tar  pitch,  used  as  a  binder,  is  received  on 
the  Plymouth  Street  side  of  the  building.  It  is  hoisted  to  the 
second  floor  by  means  of  a  barrel-hoist,  where  the  staves  are 
removed  and  the  pitch  is  thrown  into  the  binder  melting-tank 
(the  tank  holding   about  15  tons  of  pitch),  and  pumped  by 

»  Iron  Age,  vol.  Ixxvii.,  p.  1330  (1906). 
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means  of  a  rotary-pump  into  the  storage  or  hot  binder-tank, 
where  it  is  kept  heated. 

The  Mixers. — Fig.  2  shows  a  plan  and  elevation  with  the 
relative  position  of  the  connecting  mixers  and  heat-flues,  and 
Fig.  8  shows  a  section  of  a  typical  mixer  unit.  The  number 
of  units  necessary  in  a  mixer  depends  upon  the  material  to  be 
briquetted  and  the  condition  in  which  it  is  received.  At  this 
plant  six  were  used,  and  have  proved  well  adapted  to  the 
handling  of  coal,  hard  and  soft,  wet  or  dry,  coke-breeze,  and 
even  iron -concentrates. 


1. — Plan  of  the  Plant  op  the  New  Jersey  Briqubttino  Co., 
Brooklyn,  N.  Y. 

The  dust  enters  No.  1  mixer  at  C,  Fig.  2,  and  is  carried 
through  mixers  Nos.  1  to  6  in  the  direction  indicated  by  the 
arrows  to  a  point,  0,  mixer  No.  6,  and  then  by  conveyor  to  the 
press.  In  passing  through  mixers  Nos.  1  and  2  the  dust  is 
heated  by  the  furnaces,  F^  and  -Pg,  to  drive  off  all  the  mois- 
ture. The  coal-tar  pitch,  being  previously  heated,  is  pumped 
from  the  storage-tank  by  a  small  rotary-pump  driven  from  a 
variable-speed  countershaft,  which  regulates  the  percentage  of 
pitch  used. 

The  pitch  is  delivered  to  the  mixer  No.  3  at  the  point,  T, 
Fig.  2,  where  it  is  atomized  by  means  of  a  steam-jet. 

The  above  apparatus  and  process  are  patented. 
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The  Press. — The  roll  type  of  press,  shown  in  Fig.  4,  is  used, 
the  rolls  being  built  up  of  disks  which  are  milled  to  form  the 
pockets  and  are  then  assembled  and  bolted  together  on  the 
shaft.  This  method,  as  well  as  the  design  of  the  briquettes, 
is  patented.     Two  sizes  of  briquettes  are  made,  IJ  in.  by  1} 


C-f 


Fig.  2. — Plan  and  Elevation  of  the  Mixebs. 


in.  by  IJ  in.  and  2J  in.  by  2J  in.  by  If  in.  The  briquettes 
are  square  "pillow"  or  "pin-cushion"  shape.  The  smaller 
ones  weigh  2  oz.  and  the  larger  3.3  oz. 

Cooling-Table. — The  cooling-table  consists  of  three  endless 
belts  composed  of  steel  plates  carried  at  their  ends  by  sprocket- 
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chains,  the  belts  being  placed  one  over  the  other  and  carrying 
the  briquettes  back  and  forth  six  times  over  a  distance  of  84  ft., 
making  a  total  travel  of  504  ft.  The  briquettes  are  then  run 
into  bins  or  loaded  into  wagons. 

Staten  Island  Plant — The  Briquette  Coal  Co.,  J.  P.  Egbert, 
Manager,  No.  2  Stone  Street,  New  York,  N.  Y.,  has  just  com- 
pleted the  construction  of  a  briquetting-plant  at  Stapleton,  on 
Staten  Island.  This  plant  is  constructed  for  the  purpose  of 
using  anthracite-dust  with  coal-tar  pitch  as  the  basis  of  the 
binding-material.  The  anthracite-dust  is  used  as  delivered. 
The  plant  does  not  possess  any  novelties  in  its  design,  except 
that  there  are  two  presses  of  radically  different  types.  One 
of  these  is   of  German   manufacture,  built   at  the  works  of 


Fig.  3. — Section  of  a  Typical  Mixer. 


Schiichtermann  &  Kremer,  of  Dortmund.  This  press  is  of  the 
plunger  type,  in  which  the  manner  of  feed,  compression  and 
ejection  is  similar  to  the  Johnson  (English)  machine  used  at 
the  U.  S.  Geological  Survey  testing-plant  at  St.  Louis,  except 
that  the  disk  containing  the  compressing-molds  is  set  and  re- 
volves horizontally  instead  of  vertically.  The  briquette  is  par- 
allelopiped  in  shape  with  the  end  edges  rounded.  Its  dimen- 
sions are  4.75  by  2.25  by  2.5  in.  Each  biriquette  weighs  about 
1.5  lb.  and  has  a  specific  gravity  of  about  1.24. 

The  second  press  is  what  is  generally  classed  as  the  Belgian 
type,  similar  to  the  one  described  as  the  "  American  "  machine 
used  at  the  U.  S.  Geological  Survey  testing-plant.  This  par- 
ticular machine  was  made  at  the  works  of  H.  Stevens,  at  Char- 
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leroi,  Belgium.  The  product  is  of  the  eggette  pattern,  which 
is  more  desirable  for  domestic  use  than  the  larger  briquette. 
The  eggettes  weigh  about  6  oz.,  and  have  a  specific  gravity  of 
1.37.  The  manager  of  the  company,  Mr.  Egbert,  extended  to 
me  every  courtesy  possible,  but  unfortunately  was  not  able  to 
furnish  any  complete  drawings  or  other  illustrations,  the  plant 
having  been  constructed  without  them.  The  total  capacity  of 
this  plant  with  both  presses  in  operation  is  120  tons  of  bri- 
quettes per  day  of  10  hr.  The  German  machine  will  turn  out 
4.5  tons,  and  the  Belgian  machine  7.5  tons  per  hour. 


■     JtfMB^.  ill  *  iP^    inPmH 

Fig.  4. — Briquetting-Press  op  the  New  Jersey  Briquettino  Ck). 

South  Brooklyn  Plant. — Another  plant,  which  has  just  been 
completed  as  this  report  is  written,  in  that  of  the  National 
Fuel  Briquette  Machinery  Co.,  of  New  York,  N.  Y.  This  plant 
is  located  at  the  foot  of  Court  and  Smith  Streets,  Brooklyn, 
and  close  to  the  Gowanus  canal,  by  which  the  materials  to  be 
used  can  be  brought  in  barges  and  discharged  at  a  minimum 
of  expense.  While  intended  to  be  operated  upon  a  commer- 
cial basis,  it  may  be  considered  rather  as  a  demonstrating- 
plant.  It  is  intended  for  the  use  of  anthracite-dust  with  coal- 
tar  pitch  as  a  binder.  The  press  is  of  the  Belgian  type,  pro- 
ducing eggettes  or  "  boulets,"  somewhat  smaller  than  an  ordi- 
nary hen's  eggy  and  made  exclusively  for  domestic  use.  The 
machinery  used  in  this  plant  was  patented  in  this  country*  by 

*  U.  S.  Patent  No.  799,149,  Sept.  12,  1905. 
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Hubert  J.  Debauche,  Gilly,  Belgium,  and  assigned  to  Mr. 
Robert  Devillers,  with  whom  I  visited  the  plant,  and  to  whom 
acknowledgments  are  made  for  courtesies  extended.  The 
eggettes  produced  by  this  plant  are  much  smaller  than  those 
ordinarily  made,  weighing  only  about  1.6  oz.  each,  and  having 
a  specific  gravity  of  1.3. 

North  American  Coal  Briquette  Co, — This  company,  with  of- 
fice at  177  Broadway,  New  York,  N.  Y.,  has  been  incorporated 
for  the  purpose  of  exploiting  the  Forst  briquetting-process, 
which  comprises  chiefly  the  material  to  be  used  as  a  binder, 
part  of  which,  though  kept  secret,  consists  principally  of  coal- 
tar  pitch.  The  merit  claimed  for  the  secret  ingredients  of  the 
binder  is  a  great  economy  in  the  quantity  of  binder  used  for 
the  manufacture  of  superior  briquettes.  The  company  has  ne- 
gotiated for  the  purchase  of  a  Duprey  (French)  machine,  and 
has  sent  10  tons  of  anthracite  coal  and  one  ton  of  binder  to 
Paris  for  the  purpose  of  demonstrating  the  claims  made  for  the 
process  controlled  by  the  company. 

The  Mashek  Briqiieiiivg-Process. — The  briquetting-machine 
designed  by  Mr.  G.  J.  Mashek  (now  with  the  Traylor  Engi- 
neering Co.,  New  York,  N.  Y.)  has  been  described  in  detail  by 
him.*  The  process  was  designed  for  the  purpose  of  overcom- 
ing the  objections  to  the  use  of  briquetting-machinery  which 
had  developed,  principally  through  the  failure  of  certain 
foreign-made  machines  to  meet  the  requirements  of  the  Ameri- 
can trade.  When  starting  on  the  development  of  his  plans,  in 
1903,  the  general  type  of  machinery  in  use  in  Europe  was 
that  making  the  large  rectangular  briquettes,  weighing  from 
7  to  20  lb.  each,  and  these  proved  unsuitable  to  American  use. 
In  designing  his  press  Mr.  Mashek  adopted  the  Belgian  idea 
of  molds  contained  in  the  peripheries  of  two  tangential  wheels, 
but  instead  of  the  eggette  pattern,  developed  one  which  mini- 
mizes the  blank  spaces  between  the  molds  and  produces  a  bri- 
quette of  pillow  or  pin-cushion  shape. 

A  view  of  the  Mashek  press.  Fig.  5,  shows  the  molds  on 
the  periphery  of  the  cylinders,  and  Fig.  6  is  another  view  of 
the  press. 

The  Traylor  Engineering  Co.  has  recently  built  for  Mr.  E. 
B.  Arnold  a  Mashek  press,  which  has  been  installed  at  the 

*  /nm  Age,  vol.  Ixxvii.,  pp.  1330  to  1333  (1906). 
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foot  of  West  47th  St.,  New  York,  N.  Y.  The  building  in 
which  this  is  located  was  designed  and  erected  for,  and  origin- 
ally equipped  with,  a  difterent  type  of  machinery,  but  the  bri- 
quettes made  proved  to  be  of  a  shape  and  character  unsuited 
to  the  trade,  and  the  cost  of  manufacture  was  also  too  high  to 
enable  the  briquettes  to  compete  with  natural  coal.  When  it 
was  decided  to  substitute  a  Mashek  press  for  the  old  one,  it 
was  also  deemed  advisable  to  use  the  same  building,  which  is 


n 

^S^ 

.-1 .-  \ 

^ 

?m::i^ 

^ 

y^^^mr^.^ 

Fig.  5.— Mashek  Briquetting-Press,  Showing  Molds  on  Periphery  op 

Cylinders, 


a  substantial  one,  and  also,  as  far  as  possible,  the  old  machinery 
(such  as  elevators,  shafting,  power-plant,  etc.),  which  was  prac- 
tically new  and  in  good  order,  but  which  did  not  permit  of  the 
most  desirable  arrangement. 

The  new  press  installed  has  a  capacity  of  about  14  tons  per 
hr.  of  2-oz.  briquettes,  but  on  account  of  using  so  much  of  the 
old  equipment  it  is  impossible  to  handle  sufficient  material  to 
keep  the  machinery  running  at  its  full  capacity,  and  it  is  now 
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PukMT  Usnro  Melted  Coal-Tab  Pitch  for  Binder. 
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operated  at  the  rate  of  about  10  tons  perhr.  The  cost  of  labor, 
fixed  charges  and  other  expense  being  the  same,  the  cost  of 
production  is  slightly  higher  per  ton  of  briquettes  than  would 
have  been  the  case  if  the  plant  was  operated  up  to  its  maxi- 
mum capacity.  The  size  of  the  briquettes  to  be  made  has  been 
determined  by  putting  them  on  the  market  and  selling  them 
for  domestic  purposes,  starting  with  1-oz.  briquettes  and  run- 
ning up  to  8-oz.  It  was  found  that  the  majority  of  users  pre- 
ferred a  2-oz.  size,  which  corresponds  with  the  stove-coal  size 
of  anthracite.  The  weight,  of  course,  will  vary  with  the  na- 
ture of  the  dust  from  which  the  briquette  is  made,  and  it  has 
been  found  that  in  using  coke-breeze  a  2.5-oz.  briquette  is 
most  desirable,  and  about  a  3-oz.  if  made  of  soft  coal  and  lig- 
nite. The  press  is  so  designed  that  a  change  of  the  mold- 
shells  can  be  made  in  about  2  hours. 

The  plan  and  elevation  of  the  Arnold  plant  are  given  in  Figs. 
7  and  8.  The  arrangement  of  the  machinery  is  shown  in  Fig.  8. 
The  anthracite-dust  is  elevated  to  the  dust-bin,  from  which  it  is 
drawn  by  a  feed-conveyor  so  arranged  that  the  feed  is  constant 
and  can  be  regulated  as  desired.  This  conveyor  discharges 
into  a  chain-elevator,  which  in  turn  discharges  into  a  battery 
of  five  18-in.  rotary  driers  and  heaters.  These  are  super-im- 
posed one  above  the  other  and  all  bricked  in.  .  The  material  is 
conveyed  through  these  driers  by  means  of  screw-mixers  until 
it  passes  into  the  following  elevator. 

On  the  side  of  these  driers  is  constructed  a  furnace,  the 
products  of  combustion  from  which  are  distributed  into  the 
driers  through  openings  into  the  different  units,  so  that  no  unit 
gets  heat  sufficient  either  to  char  the  dust  or  to  burn  out  the  iron- 
work of  the  paddle-conveyor.  An  exhaust-fan  draws  off  the 
products  of  combustion  and  the  moisture.  The  temperature 
of  the  discharge-gases  and  moisture  from  the  drier  rarely 
exceeds  212°  F.  After  the  material  passes  out  of  the  drier 
into  the  elevator  it  is  elevated  and  dropped  into  a  36-in. 
Williams  pulverizer,  where  the  larger  pieces  are  crushed,  so 
that  everything  passes  through  about  a  12-mesh  screen.  From 
the  pulverizer  the  material  is  again  elevated  to  another  series 
of  mixers  and  coolers  similar  in  construction  to  the  driers. 
The  anthracite-dust  at  this  point  has  a  temperature  of  about 
800®  F.     The  coal-tar  pitch  is  here  introduced  by  means  of  a 
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pitch-pump  BO  arranged  as  to  deliver  a  definite  quantity  of 
pitch,  as  desired.  Alongside  of  this  last  battery  of  mixers  is  a 
small  furnace  which  heats  the  two  upper  mixers,  maintaining 
an  even  temperature  of  the  mixture  and  not  allowing  it  to  stif- 
fen or  set.  Prom  the  last  mixer  the  material  drops  to  an  ele- 
vator which  takes  it  up  to  the  second  floor  and  discharges  it 
on  to  an  18-in.  belt-conveyor,  which  delivers  the  material  over 
the  press  and  into  the  hopper.  The  press  is  run  continually, 
discharging  the  briquettes  into  a  perforated-pan  conveyor, 
which  conveys  them  to  the  briquette-bin.  The  briquettes  while 
in  this  conveyor  are  subjected  to  a  heavy  spray  of  water  in 
order  to  cool  and  clean  them. 

The  coal-tar  pitch  used  in  this  plant  is  of  the  ordinary  roof- 
ing-hardness;  it  is  delivered  by  lighter  on  an  adjacent  dock  and 
carted  to  the  pitch-melting  house,  where  it  is  melted  in  a  tank 
6  ft.  wide,  12  ft.  long,  and  8  ft.  deep. 

This  pitch-melting  tank  will  hold  about  22  tons  of  pitch, 
which  requires  in  the  neighborhood  of  20  hr.  to  melt.  After 
the  pitch  is  melted  and  brought  up  to  the  proper  temperature 
for  use  it  is  drawn  off  by  means  of  a  large  pitch-pump  into  the 
"prepared-pitch  tank,'^  from  which  it  is  pumped  into  the 
mixers. 

This  plant  requires  about  126  hp.  to  turn  out  10  tons  per 
hr.  It  has  been  in  operation  about  two  months  and  is  said  to 
be  giving  excellent  results.  The  product  is  used  almost  en- 
tirely for  domestic  purposes,  and  commands  the  same  price  as 
the  best  grade  of  prepared  anthracite  coal  in  the  New  York 
market.  A  large  portion  of  the  output  is  put  up  in  paper  bags 
and  handled  by  grocers  and  small  coal  dealers  the  same  as 
charcoal  or  crushed  coke.  The  bag  trade  caters  to  the  poor 
people  who  do  not  buy  in  large  quantities,  and  is  a  consider- 
ably cleaner  method  of  distributing  the  product  than  that 
formerly  used. 

Out  of  the  briquette-bin  the  briquettes  are  handled  the  same 
as  ordinary  coal,  and  experience  has  shown  in  this  and  other 
plants  that  abrasion  or  breakage  averages  about  8  per  cent., 
which  is  slightly  less  than  with  ordinary  prepared  coal. 

The  cost  of  manufacture  is  as  follows: 
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Fitch: 

Using  6  per  cent,  of  pitch  at  $10  per  ton, $0.60 

Deducting  increased  weight  of  product  due  to  6  per  cent  of  pitch, 
and  calculating  product  at  $5  per  ton, 0.30 

Net  cost  of  pitch, $0.30 

Fuel: 

For  boiler,  broken  coal  and  screenings,  broken  briquettes,  4  tons 

per  daj  of  10  hr.,  at  $2.50  per  ton,         .        .        .       $10.00 

Per  ton  of  briquettes, 0.10 

For  heaters,  driers  and  pitch-melting,  3  tons  at  $2.50  per  ton= 

per  ton  of  briquettes, 0.075 

Labor:  Per  Day, 

1  foreman, $5.00 

2  pitch-melters, 3.50 

1  dust-bin  man, 1.75 

1  engineer, 3.50 

1  man  on  second  floor, 1.75 

1  man  on  ground  floor, 1.75 

1  night  watchman, 1.75 

1  oiler, 1.75 

$20.75 
Per  ton  of  briquettes, 0.21 

MiMelkmeous : 

Wear  and  tear,  per  ton  of  briquettes, 0.10 

Lubricating  oil,  per  ton  of  briquettes, 0.01 

Insurance, 0.005 

Interest  on  capital  invested,  $40,000,  at  6  per  cent,  .        .        .  0.10 
Office  expense,  telephone,  stenographer  and  stationery,  $2,000 

per  annum, 0.09 

$0.99 
Anthracite-dust  at  $1.40  per  long  ton  =  per  net  ton  of  briquettes,        1.25 

Total  cost  of  briquetting, $2.24 

Be-briquetting  3  per  cent,  of  breakage  and  abrasion,  chaiging  it 
back  to  plant  as  dust,  per  ton  of  briquettes,     .        .        .        .        0.06 

Net  cost  per  ton  of  briquettes, $2.30 

Wholesale  selling-price  in  bin, 4.80 

Net  profit  per  short  ton, $2.50 

Pennsylvania. 

It  might  be  supposed  that  the  briquetting-industry  would 
have  its  greatest  development  in  or  near  the  anthracite-region 
of  Pennsylvania,  where  a  plentiful  supply  of  raw  material  is 
available  in  the  great  culm-banks  created  through  the  many 
years  of  mining,  and  in  the  still  large  amount  of  fine  coal  pro- 
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duced  at  the  breakers  for  which  no  profitable  market  has  yet 
been  found.  Up  to  the  present  time,  however,  there  are  but 
two  briquetting-plants  in  operation  in  the  State,  one  at  Point 
Breeze,  in  the  city  of  Philadelphia,  and  the  other  at  Dickson, 
a  few  miles  from  Scranton.  Both  of  these  were  put  in  opera- 
tion in  1906.  The  plant  at  Dickson  is  in  the  immediate 
vicinity  of  the  mine  of  that  name,  operated  by  the  Delaware, 
Lackawanna  &  Western  Railroad  Co.,  and  uses  the  fine  coal  or 
screenings,  below  marketable  sizes,  coming  from  the  washery 
operated  in  connection  with  the  mine.  The  owner  of  this  plant, 
the  Scranton  Anthracite  Briquette  Co.,  withholds  information 
relative  to  the  details  of  its  operations.  I  have  been  informed, 
however,  by  one  of  the  officials  of  the  company  that  the  base 
of  the  binding-material  used  is  coal-tar  pitch,  and  that  the 
plant  is  producing  at  the  present  time — April,  1907 — from  300 
to  325  long  tons  of  briquettes  per  day.  It  is  the  intention  to 
double  this  output  by  running  the  plant  night  and  day.  The 
briquettes  are  of  the  oval  or  eggette  shape,  the  press  being  of 
the  Belgian  type,  and  similar  to  the  "American"  machine  used 
at  the  testing-plant  of  the  U.  S.  Geological  Survey  at  St.  Louis 
during  the  exposition  period.*  The  entire  product  is  taken  by 
the  Delaware,  Lackawanna  &  Western  Railroad  Co.  for  use, 
principally,  on  its  locomotives. 

The  other  plant,  at  Point  Breeze,  is  owned  and  operated  by 
the  United  Gas  Improvement  Co.,  and  was  constructed  for  the 
purpose  of  utilizing  the  coke-breeze  produced  at  the  gas-houses 
of  the  company,  and  in  this  case,  as  in  the  case  of  the  plant  at 
Dickson,  the  product  is  not  placed  upon  the  market  but  is  used 
by  the  company  in  its  retorts  for  the  manufacture  of  water-gas. 
I  am  indebted  to  Mr.  W.  H.  Gartley,  Engineer  of  Works  of 
the  United  Gas  Improvement  Co.,  for  the  following  detailed 
description  of  the  plant,  and  for  the  accompanying  illustrations. 
Figs.  9  and  10. 

It  has  been  found  advantageous  to  use  a  mixture  of  anthra- 
cite-culm and  coke-breeze,  with  from  5  to  7  per  cent,  of  coal- 
tar  pitch  as  a  binder.  The  proportions  of  culm  and  coke  used 
are  variable,  according  to  the  quantity  of  material  on  hand. 
At  the  time  I  visited  the  plant — November,  1906 — three  parts 

•  UmUd  State8  Oeohgieal  Survey  Bulletin  No.  261,  and  ProfessUmal  Papa-  No.  48. 
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of  culm  to  two  parts  of  coke  were  being  used.  The  press  is  of 
the  Belgian  type,  producing  eggettes  about  the  size  of  a  goose- 
egg.  The  rated  capacity  of  the  plant  is  10  tons  of  eggettes  per 
hr.  It  has  been  in  operation  regularly,  producing  90  tons 
per  9-hr.  day,  except  when  it  has  been  shut  down  for  repairs 
and  changes.  Figs.  8  and  9  show  the  arrangement  of  the 
plant. 

The  breeze  or  screenings  from  the  coke-screen  (not  shown 
on  the  diagram)  of  the  coal-gas  plant  fall  into  a  pocket  or  hop- 
per, A.  Into  this  pocket  is  also  dumped  the  culm.  The  con- 
tents are  raised  by  an  elevator  into  the  storage-tank,  jB,  dis- 
charging through  the  funnel-shaped  bottom  on  to  the  automatic 
feed-table,  C,  by  which  a  measured  stream  of  the  material  is 
continuously  poured,  part  into  the  crusher,  Z),  and  part  di- 
rectly into  the  hopper,  JF,  below  the  crusher.  The  material  is 
then  elevated  and  discharged  into  the  drier,  F^  F'.  The  dried 
material,  together  with  the  dust  from  the  dust-chamber,  (?,  ff', 
of  the  drier  is  discharged  into  the  hopper,  -H,  H\  elevated  and 
discharged  through  a  shaking-screen  into  the  storage-tank,  /, 
located  above  the  mixer.  All  material  not  fine  enough  to  pass 
through  the  screen,  Z,  is  returned  by  a  spout,  Z',  to  the  crusher, 
Z).  The  dried  material  in  tank,  /,  is  discharged  through  the 
funnel-shaped  bottom  on  to  the  automatic  feed-table,  J",  by 
which  a  measured  stream  is  continuously  poured  into  the 
mixer,  K^  K',  Into  the  feed-end,  K^  of  the  mixer  is  also  pour- 
ing a  continuous  stream  of  liquid-pitch  through  a  positive  meas- 
uring-faucet (not  shown),  driven  from  the  driving-mechanism 
of  the  mixer  through  a  variable-speed  device  (not  shown).  The 
pitch  is  brought  into  the  building  as  broken  from  the  pitch- 
bays  of  the  tar-distillery,  fed  into  the  pitch-cracker,  ly,  elevated 
and  discharged  into  the  large  steam-heated  pitch-storage  tanks, 
J!f,  iV,  where  it  is  melted.  From  these  tanks  the  melted  pitch 
is  drawn,  as  required,  into  the  smaller  steam-heated  tank,  0,  to 
which  the  faucet,  previously  mentioned,  is  attached. 

The  warm,  dry,  and  continuously  measured  crushed  breeze 
and  culm,  together  with  the  melted  and  continuously  measured 
pitch,  are  thoroughly  mixed  and  kneaded  in  the  steam-jacketed 
mixer,  K^  K'.  The  mixed  mass  is  discharged  from  the  mixer, 
divided  (device  not  shown)  into  two  streams  and  carried  by 
two  mixing-conveyors,  P,  P',  allowing  time  for  cooling  and 
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setting,  into  the  feed-pans  of  the  two  presses,  JR,  -B',  purchased 
in  France.  From  the  feed-pans  the  material  is  fed  to  the 
presses,  which  press  out  the  eggettes  and  discharge  them  on  to 
the  shaking-screens,  Sy  S\  below,  which  screen  them  from  the 
waste  and  fines.  They  are  then  discharged  on  to  the  woven- 
wire  belt-conveyer,  T,  T^  giving  the  eggettes  time  to  cool  and 
set,  and  conveyed  either  to  the  cars,  tT,  U^  or  to  the  hoppers, 
F,  P,  from  which  the  buggies,  W,  W  for  the  generator-house 
are  filled. 

The  waste  and  fines  from  the  shaking-screens,  S,  8!^  under 
the  presses,  are  conveyed  by  conveyors,  X,  JP^  to  the  hopper, 
H'j  at  the  discharge  of  the  drier. 

Screenings  from  the  eggettes  taken  from  the  storage-piles 
are  returned  by  an  elevator,  F,  to  the  discharge  of  the  mixer 
and  assist  in  the  cooling  of  the  heated  miirture. 

California. 

The  manufacture  of  briquettes  has  shown  more  actual  prog- 
ress in  California  than  in  any  other  State  of  the  Union.  This 
has  been  brought  about  through  the  efforts  to  improve  the  fuel- 
quality  of  the  rather  low-grade  California  lignites,  and  has 
been  encouraged  by  the  high  prices  of  the  better  grades  of 
bituminous  coal  or  anthracite  brought  into  the  State  from 
Washington,  the  Rocky  mountains,  and  eastern  States,  or 
imported  from  British  Columbia,  England,  Australia,  and 
Japan.  It  has  also  been  encouraged  by  the  cheap  asphaltic 
pitch  obtained  from  California  petroleum,  which  not  only 
serves  excellently  as  a  binder  but  adds  to  the  calorific  value  of 
the  briquetted  fuel. 

The  first  plant  to  be  put  into  successful  operation  in  Califor- 
nia was  one  built  at  Stockton  by  the  San  Francisco  &  San 
Joaquin  Coal  Co.  The  plant  was  completed  in  1901,  and  when 
running  at  full  capacity  could  produce  125  tons  of  briquettes 
per  day.  The  fuel  used  was  lignite  from  the  Tesla  mines,  in 
Alameda  county.  The  plant  was,  unfortunately,  entirely  de- 
stroyed by  fire  in  1905  and  has  not  been  rebuilt.  It  is  stated 
that  the  plans  of  the  company  were  to  rebuild  the  plant  at  San 
Francisco,  but  these  were  upset  by  the  earthquake  and  fire 
which  destroyed  a  large  part  of  that  city  in  April,  1906.  A 
complete  description  of  the  Stockton  plant  by  the  designer  of 
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the  presses,  Mr.  Robert  Schorr,  of  San  Francisco,  has  been 
published.^  The  briquettes  produced  at  this  plant  were  round, 
convex  lenses  or  "  boulets,"  which  weighed  from  6  to  8  ounces. 

The  Western  Fuel  Co.,  of  Oakland,  completed,  early  in  1905, 
a  briquetting-plant  also  designed  by  Mr.  Schorr.*  In  me- 
chanical construction  this  plant  differs  materially  from  the 
one  destroyed  by  fire  at  Stockton.  The  shape  of  the  briquettes 
is  cubical  instead  of  "  boulet."  The  advantage  claimed  for  the 
cubical  shape  is  that  the  briquettes  ignite  more  readily,  though 
it  is  admitted  that  in  handling  the  same  mechanically  there  is 
more  waste. 

The  capacity  of  this  plant  is  480  briquettes  per  min.,  or  8.5 
tons  per  hr.  The  fuel  used  is  coal-yard  screenings  from  lig- 
nites, anthracite,  and  sub-bituminous  coals,  with  about  7.5  per 
cent,  of  asphaltic  pitch.  This  pitch  is  obtained  by  the  distilla- 
tion of  California  crude  petroleum.  The  temperature  of  the 
still,  for  the  production  of  the  proper  grade  of  pitch,  is  about 
600°  F.  Some  difficulty  has  been  experienced  in  securing  the 
right  quality  of  pitch  on  account  of  the  tendency  of  the  re- 
fineries to  "  rush  the  stills,"  their  aim  being  the  securing  of 
refined  oils  rather  than  pitch.  An  excellent  grade  of  asphaltic 
pitch  is  obtained  by  keeping  the  stills  at  a  temperature  of  500° 
F.,  using  a  vacuum  to  force  the  distillation.  Grade  "  D,''  the 
quality  best  adapted  for  the  purpose,  is  fairly  hard  up  to  60° 
F.,  but  begins  to  soften  above  that  point.  It  becomes  liquid 
at  250°  F.,  and  has  a  specific  gravity  of  from  1.05  to  1.1. 

Before  the  earthquake,  the  Western  Fuel  Co.  paid  $10.50 
per  ton  for  the  ordinary  pitch  "  D "  delivered  at  its  plant, 
while  a  properly  and  carefully  prepared  pitch  was  worth  from 
|12  to  |13. 

Owing  to  the  enormous  building-activity  in  San  Francisco 
since  the  earthquake,  the  demand  for  asphaltum  for  roofing- 
materials  has  increased  in  leaps  and  bounds.  Consequently, 
there  is  a  great  scarcity,  and  the  price  per  ton  now  ranges  from 
f  14  to  f  20.  This  scarcity  necessitated  many  shut-downs  of  the 
plant  at  Oakland,  and  for  that  reason  the  company  is  negotiat- 
ing for  the  importation  of  coal-tar  pitch  from  the  East  and  from 
Europe.  As  three  new  refineries  are  contemplated,  conditions 
may  gradually  return  to  their  normal  stage. 

^  The  Engineering  and  Mining  Joumody  vol.  Ixxviii.,  p.  262  (1904). 
•  The  Engineering  and  Mining  Joumaly  vol.  Ixxx.,  p.  389  (1906). 

[24] 


COAL-BRIQUBTTING   IN   THE   UNITED   STATES.  818 

All  of  the  coal  purchased  and  used  by  the  Western  Fuel 
Co.  is  brought  in  ships  and  is  unloaded  by  electric  hoists 
into  receiving-bins.  When  drawn  from  the  storage-bins  it  is 
screened,  all  material  passing  through  the  perforations  drop- 
ping into  auxiliary  bins,  from  which  it  is  fed  into  a  Williams 
crusher.  The  disintegrated  coal  from  the  Williams  crusher  is 
elevated  into  the  iron  hopper  of  an  automatic  feeder  which 
feeds  into  the  coal-heater.  The  heated  coal  enters  the  mixer 
and  meets  there  the  binder.  The  mixer  as  well  as  the  binder- 
distribution  and  the  tempering  of  the  mixtufe  embody  some 
novel  features. 

The  prepared  material  is  conveyed  into  the  feed-hopper  of  a 
Schorr  press,  style  "  A,"  which  is  belted  for  6  rev.  per  min. 
At  that  speed  480  briquettes  of  9.5  oz.  weight  are  discharged 
m  one  min.,  or  more  than  17,000  lb.  per  hr.  The  briquettes 
are  of  a  rectangular  shape,  2.75  by  2.5  by  IJ  in.  thick,  with 
rounded  corners  and  branded  with  a  "  W."  They  are  uniform 
in  size,  and  have  a  specific  gravity  of  about  1.22. 

All  wearing-parts  of  the  press  are  lined  with  phosphor- 
bronze,  and  they  are  thoroughly  lubricated  under  an  air-pres- 
sure of  40  lb.  per  sq.  in.  Oil  is  also  atomized  and  sprayed 
into  the  molds  and  upon  the  plungers. 

The  briquettes  drop  upon  a  short  conveyor  delivering  the 
same  to  another  one  located  outside  the  building.  At  this 
point  provision  is  made  to  sack  the  briquettes  for  the  local 
market,  or  to  take  them  up  to  the  top  of  the  storage-bunkers, 
where  arrangements  are  made  to  discharge  the  briquettes  into 
cars  or  to  distribute  them  into  the  bunker-compartments.  The 
average  output  is  64  long  tons  per  shift  of  8  hr.,  four  men 
being  employed,  one  of  them  getting  $4,  one  $2,  one  $3,  and 
one  f2.75  per  day,  which  makes  about  $0.20  per  ton  of  bri- 
quettes. By  running  24  hr.  more  than  200  tons  could  be  made, 
which  would  reduce  the  labor  item  to  about  14.5  cents  per  ton. 
This  can  be  further  cut  down  by  speeding  up  the  press  to  7 
rev.  per  min.,  which  would  produce  560  per  min.,  or  20,000 
lb.  of  9.5-oz.  briquettes  per  hr.  With  a  forced-feed  attach- 
ment a  further  increase  in  speed  may  be  possible. 

Since  the  foregoing  was  written,  wages  have  been  increased 
considerably,  most  of  the  men  getting  $3.50  per  shift,  working 
through  the  lunch-hour. 
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The  present  pressure-arrangement  was  tested  up  to  48,000 
lb.,  exerted  upon  two  2.5-  by  2.75-in.  surfaces,  making  more  than 
8,700  (?)  lb.  per  sq.  in.  The  adjustment  is  placed  to  give  about 
2,900  lb.,  which  is  ample,  and  makes  a  better-burning  briquette 
than  when  a  greater  pressure  is  used.  The  press  is  designed  for 
a  maximum  pressure  of  6,000  pounds. 

The  briquetting-press  has  been  described  by  Mr.  Schorr 
substantially  as  follows  :^ 

"In  this  press  two  sole-plates  with  heavy  bearings  are  arranged  to  carry  a  sta- 
tionary steel  shaft,  upon  which  a  laige  spur-wheel  is  revolving,  driven  by  means 
of  gearing,  countershaft  and  friction-clutch  pulley.  The  spur-wheel  rim  is  made 
integral  with  a  mold-ring  which  has  a  series  of  holes  and  sliding  plungers  (pis- 
tons) therein.  The  pistons  are  under  continuous  control  of  cams  which  are  sup- 
ported by  heavy  shields.  The  pistons  are  released  from  the  camway  only  when 
the  final  pressure  is  applied,  and  this  is  done  by  a  large  wheel  with  steel  tire, 
pivoted  in  two  levers. 

"  This  wheel  is  pressed  against  the  piston-heads  by  means  of  an  adjustable  spring, 
which  permits  a  perfect  regulation  of  pressure  up  to  4,000  lb.  per  sq.  in.  After 
leaving  the  pressure-wheel,  i.e.,  after  the  briquette  is  made,  the  plungers  are 
gradually  forced  forward  to  eject  the  briquettes,  which  drop  upon  a  vibrating 
discharge-chute. 

"The  pistons  are  then  gradually  withdrawn,  and  in  passing  the  feed-box  the 
cavities  become  filled  with  the  mixture  of  coal  and  pitch.  At  the  end  of  this 
feed-box  all  surplus  material  is  scraped  off  by  a  steel  plate.  After  passing  the 
scraper-plate  the  pistons  are  gradually  forced  in,  pressing  the  material  against  the 
resistance-block,  which  is  supported  by  the  main  shaft.  This  pressure  is  efiected 
by  a  cast-iron  stand  with  phosphor-bronze  liner. 

"When  the  pistons  are  about  0.5  in.  from  their  terminal,  they  strike  against 
the  rocking  pressing-wheel  and  are  forced  home.  In  this  way  the  briquettes  are 
made,  and  the  play  repeats  itself  with  every  revolution. 

"The  machine  is  entirely  self-contained,  and  it  is  claimed  that  there  is  no  pos- 
sibility of  its  getting  wrecked  by  overfeed  or  obstruction.  It  is  also  claimed  that 
as  the  pressure  is  applied  slowly  and  gradually,  this  type  of  press  permits  briquet- 
ting  mixtures  containing  from  13  to  14  per  cent,  of  moisture,  and  that  this  is  an  ad- 
vantage not  possessed  by  intermittently-acting  presses.  Up  to  the  present  time  two 
press  designs  have  been  made,  the  one  with  two  rows  of  2-in.  cylindrical  molds, 
and  the  other  with  two  rows  of  2.5-  by  2.75-in.  rectangular  shapes  with  rounded 
comers.  There  is  no  difficulty  in  making  other  shapes  and  heavier  briquettes.  A 
simple  arrangement  permits  working  with  half  the  capacity  whenever  desired. 
Ko  complications  are  presented  if  it  is  desired  to  have  more  than  two  rows  of 
molds,  and  the  type  of  press  can  be  built  for  a  much  larger  capacity.  On  the 
other  hand,  should  the  market  for  briquettes  be  limited  for  some  months  in  the 
year,  the  capacity  can  be  cut  down  without  requiring  any  change  in  speed  or 
other  alterations. 

"From  80  to  120  briquettes  are  made  for  each  revolution,  the  number  depend- 
ing on  the  size  and  shape  of  the  briquettes,  which  govern  also  the  capacity.    The 

•  Engineering  and  Mining  Journal,  vol.  Ixxx.,  p.  627  (1905). 
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same  varies  from  6  to  24.5  tons  per  hr.     The  briquettes  are  uniform  in  size  and 
plainly  branded  with  *  W/  '' 

Mr.  Schorr  says  that  all  wearing-parts  of  the  machine  can 
be  quickly  and  cheaply  replaced.  The  lubricating  is  done  by 
an  air-compressor  and  oil-atomizer. 

The  press  is  especially  adapted  for  the  manufecture  of  small 
briquettes,  and  the  use  of  such  in  preference  to  large  blocks  is 
obvious.  Small  briquettes  can  be  readily  shoveled  into  fur- 
naces, while'  the  large  ones  have  first  to  be  broken  up,  thus 
causing  labor,  waste,  and  dust. 

A  briquetting-plant  of  an  entirely  different  type,  designed  by 
Mr.  Chas.  R.  Allen,  was  built  and  put  in  operation  by  him  dur- 
ing 1905  at  Pittsburg,  at  the  junction  of  the  San  Joaquin  and 
the  Sacramento  rivers,  about  50  miles  from  San  Francisco. 
This  plant,  as  originally  projected,  was  intended  to  utilize  the 
lignite  produced  by  the  Pittsburg  Coal  Mining  Co.  at  Somers- 
ville,  but  tl^e  enormous  increase  in  the  production  of  oil  in 
California  has  had  such  a  demoralizing  effect  upon  the  coal- 
trade  generally  that  there  has  been  little  or  no  market  for  lig- 
nite during  the  last  two  years,  and  these  mines  have  been  shut 
down.  The  material  used  has,  therefore,  been  screenings  ob- 
tained from  the  coal-yards  of  San  Francisco,  the  binder  (here, 
as  at  other  plants  in  the  State)  being  asphaltic  pitch.  The 
screenings  are  sold  at  less  than  the  cost  of  mining  lignite,  and 
as  long  as  the  supply  of  this  material  is  available  at  such  prices 
it  will  continue  to  be  used. 

The  methods  of  preparing  the  briquetting-mixture  differ 
somewhat  from  those  used  at  other  plants  in  that  the  binder  is 
passed,  together  with  the  fuel,  through  the  retorts  under  a  high 
degree  of  heat.  This,  it  is  claimed,  insures  an  intimate  and 
thorough  mixture,  each  particle  of  fuel  being  impregnated  with 
the  binder.  This  treatment,  it  is  asserted,  prevents  the  binder 
from  being  consumed  before  the  coal  is  ignited,  which  is  apt  to 
be  the  case,  particularly  with  lignites,  if  the  mixing  is  merely 
superficial. 

Mr.  Allen  claims  that  in  his  process  the  nature  of  the  fuel  is 
changed  so  that  the  lignite  partakes  of  the  character  of  bitu- 
minous coal,  the  briquettes  remaining  firm  and  hard  until  en- 
tirely consumed.  He  claims  also  that  the  process  possesses  as 
much  of  novelty  and  value  as  the  press. 
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Fig.  11. — Allen  Briquetting- Machine.     ( Plan  and  Elevation. ) 

As  shown  in  Figs.  11  and  12,  the  compressing-machine  con- 
sists of  two  non-concentric  rings  horizontally  placed,  one 
within  the  other,  the  periphery  of  the  smaller  one  being  cor- 
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rugated,  or  scalloped,  and  engaging  with  similar  corrugations 
in  the  inside  of  the  larger  ring.  The  briquetting-mixture  is 
fed  into  a  hopper  one-fourth  of  a  revolution  of  the  smaller  ring 
from  the  point  of  compression,  and  the  amount  of  pressure  is 
regulated  by  the  distance  of  the  feed  from  the  point  of  com- 
pression ;  that  is  to  say,  the  hopper  may  be  placed  farther  away 
if  a  greater  pressure  is  desired,  or  nearer,  if  the  pressure  is  to 
be  reduced.  Relief  from  an  excess  of  pressure  is  provided  for 
by  two  heavy  spiral  springs  on  the  outer  bearings,  and  two  over 
the  upper  pressure-plate,  the  lower  pressure-plate  being  fixed. 
The  relief-springs  are  shown  in  Fig.  11.  The  machine  has 
been  operated  without  using  any  of  the  springs,  with  the  result 
that  when  there  was  a  surplus  of  feed  the  operating- belt  was 
thrown  off  through  the  choking  of  the  machine. 

The  Allen  machine  is  patented.^®  The  briquettes,  as  now 
made,  are  approximately  cylindrical  in  shape,  with  flat  ends. 
They  weigh  from  8  to  10  oz.  each,  and  have  a  specific  gravity 
of  1.14  It  is  Mr.  Allen's  intention  to  reduce  the  size  of  the 
briquette  and  change  its  shape  by  having  the  smaller  ring  of 
the  press  made  without  corrugations.  This  will  be  done  in 
order  to  meet  the  demand  for  a  briquette  better  adapted  for 
domestic  use. 

The  plant  is  at  present  turning  out  about  5  tons  of  briquettes 
per  hr.,  at  a  moderate  running-speed.  With  a  smaller  bri- 
quette the  production  per  hour  would  be  decreased,  with  the 
same  speed,  while  with  an  increased  speed  the  same  production 
could  be  maintained,  even  with  the  smaller  briquette. 

The  Standard  Coal  Briquetting  Co.,  of  Oakland,  constructed 
in  1905  a  plant  designed  by  a  Mr.  Crawford.  An  accident  to 
the  press  shortly  after  being  put  in  operation  practically  wrecked 
it,  and  the  enterprise  was  unsuccessful. 

Another  plant  beginning  operations  in  1905  was  a  small 
plunger  type  of  press  designed  by  Mr.  A.  Demetrak,  and  built 
by  the  American  Briquetting  Co.  (afterwards  reorganized  as 
the  Ajax  Briquetting  Co.),  of  San  Francisco.  It  was  destroyed 
by  the  earthquake  and  fire  of  April,  1906,  and  has  not  been 
rebuilt.  The  plant  had  a  capacity  of  about  15  tons  a  day,  using 
Coos  Bay,  Ore.,  lignite,  sometimes  mixed  with  coal-yard  screen- 
ings, and  asphaltic  pitch. 


'^  U.  S.  Patent  No.  851,007,  April  23,  1907. 
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The  United  States  Briquette  Co.,  of  Stege,  Contra  Costa 
county,  has  undertaken  the  manufacture  of  briquettes  from  a 
mixture  of  peat  and  California  crude  petroleum.  This  plant 
had  not  been  completed  at  the  time  of  writing  this  report,  but 
some  briquettes  made  of  the  mixture  in  an  experimental  way 
are  interesting  productions.  They  give  promise  of  a  method 
of  using  California  oil  as  a  domestic  fuel,  the  peat,  on  account 
of  its  spongy  character,  acting  as  a  carrying-vehicle  for  the  oil, 
and  at  the  same  time  performing  duty  as  fuel.  The  briquettes 
are  cubical  in  shape  and  of  attractive  appearance.  They  weigh 
about  10  oz.  each  and  have  a  specific  gravity  of  1.8. 

It  is  claimed  that  they  are  as  well  adapted  for  steam-raising 
as  for  domestic  purposes,  giving  an  intense  heat  under  forced 
draft,  and  burning  freely  under  ordinary  draft ;  that  they  can 
be  handled  without  waste  from  breakage,  and  that  they  leave 
a  minimum  of  ash  and  do  not  clinker. 

Arizona. 

The  Arizona  Copper  Co.,  Ltd.,  of  Clifton,  installed,  during 

1905,  a  briquetting-plant  purchased  from  Messrs.  Yeadon,  Son 
&  Co.,  of  Leeds,  England.  The  plant  was  put  in  opera- 
tion in  September,  1905,  and,  during  the  first  six  months  of 

1906,  produced  690  short  tons  of  briquettes  of  a  total  value  of 
$4,830,  or  an  average  of  f  7  per  ton.  About  800  tons  were 
produced  in  the  experimental  runs  made  in  1905.  It  was  in- 
stalled for  the  three-fold  purpose  of  utilizing  coke-breeze, 
which  is  without  value  and  non-usable  as  such ;  for  securing 
better  efliciency  out  of  the  slack  coal  (Gallup)  which  is  used  as 
fuel ;  and  for  obtaining  a  fuel  that  could  be  stored  without 
material  deterioration,  and  without  danger  of  spontaneous 
ignition.  Mr.  James  Colquhoun,  president  of  the  company, 
affirms  that  what  economic  advantages  are  secured  are  from 
the  first  and  third  operations.  In  the  briquetting  of  the  coke- 
fines  or  breeze  a  profit  of  about  (4  per  ton  is  made  in  the  con- 
version of  a  formerly-wasted  material  into  a  usable  fuel.  In 
using  the  Gkillup,  N.  M.,  slack,  which  is  of  sub-bituminous,  or 
black  lignite,  quality  of  coal,  the  expense  of  briquetting  brings 
the  total  cost  up  to  approximately  f  6.80  per  ton,  or  about  the 
same  as  that  of  the  lump  coal  obtained  from  the  same  source, 
although  the  price  for  the  slack  at  the  mines  is  very  low  when 
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compared  with  that  of  lump  coal.  The  briquettes  have  been 
found  to  burn  freely  and  satisfactorily  under  locomotive  and 
stationary  boilers,  and  appear  to  be  equal  to  the  best  of  Gallup 
lump  coal,  but  no  laboratory -tests  of  calorific  power  have  been 
made. 

The  real  profit  in  the  briquetting  of  this  coal  is  in  the  supe- 
riority of  the  briquettes  over  lump  coal  for  stocking-purposes. 
They  stand  weathering  perfectly,  while  the  lump  coal  disinte- 
grates upon  exposure,  loses  a  portion  of  its  combustible  gases, 
and  becomes  in  time  a  very  inferior  fuel.  It  is  also  liable  to 
spontaneous  combustion,  which  the  briquettes  are  not. 

In  the  making  of  the  briquettes  92  per  cent,  of  the  coal  is 
mixed  with  8  per  cent,  of  California  asphaltic  pitch.  The  capa- 
city of  the  plant  is  2.5  tons  of  briquettes  per  hour. 

The  following  description  of  the  process  at  Clifton  has  been 
furnished  by  the  company.  In  design  the  press  is  similar  to  the 
one  used  by  the  U.  S.  Geological  Survey  coal-testing  plant  at  St 
Louis.  This  was  designated  as  the  "English"  machine,  and 
has  been  described  in  the  reports  of  those  tests." 

The  process  of  making  briquettes  of  coal-  or  coke-fines  is 
that  of  Yeadon,  Son  &  Co.,  of  Leeds,  England.  The  fines  are 
fed  from  the  bins  into  the  boot  of  a  bucket-elevator,  which  dis- 
charges them  into  the  hopper  at  one  end  of  a  mixer,  where  they 
are  mixed  with  pitch  that  has  previously  been  broken  in  a  pitch- 
breaker  into  pieces  of  0.5  in.  maximum  size.  The  quantity  of 
pitch  found  to  give  the  best  results  is  about  8  per  cent. 

From  the  mixer  the  material  is  sent  into  a  disintegrator, 
which  thoroughly  pulverizes  the  coal  and  pitch  into  grains  of 
2-mm.  size  and  under.  It  is  then  elevated  and  passed  into  a 
heater,  where  it  is  subjected  to  the  action  of  live  steam,  which 
gives  the  pitch  sufficient  fiuidity  to  bind  the  other  ingredients. 

From  the  heater  the  material  drops  into  a  pug-mill  which, 
while  stirring  the  mass,  sweeps  it  into  a  false  bottom.  This 
false  bottom  is  behind  the  disk  of  the  briquetting-machine,  and, 
at  each  revolution  of  the  main  shaft,  the  material  is  rammed 
into  a  pair  of  compartments  in  the  disk.  The  disk  contains 
eight  pairs  of  such  compartments,  and  at  the  same  time  that  a 
pair  of  briquettes  is  being  rammed  into  the  disk  on  one  side, 

"  United  States  Oeological  Survey  Bulletin  No.  261,  and  ProfeaeUmcU  Paper  No.  48. 
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another  pair  is  being  compressed  on  the  opposite  side,  while 
a  third  pair  is  being  pushed  out  from  the  top  of  the  disk 
into  an  endless-belt  conveyor,  which  delivers  the  briquettes  to 
the  side  of  a  railroad-car  in  front  of  the  building.  The  bri- 
quette-disk is  made  to  revolve  intermittently  in  eight  periods 
to  each  complete  revolution.  During  the  pause  in  each  period, 
the  three  operations  referred  to  take  place  simultaneously. 

The  capacity  of  the  plant  is  25  tons  per  10  hr.  It  is  ar- 
ranged to  mix  three  ingredients  into  material  for  briquettes, 
but  at  present  only  the  fines  from  coal  or  coke  and  pitch  are 
used.  The  briquettes  are  rectangular  in  shape  and  weigh 
approximately  4  lb.  each. 

Michigan. 

The  Semet-Solvay  Co.,  of  Syracuse,  N.  Y.,  has  recently  com- 
pleted the  construction  of  a  briquetting-plant  at  Del  Ray,  to  be 
operated  in  connection  with  the  by-product  coking-ovens  and 
chemical-works  installed  there  several  years  ago  by  the  same 
company.  The  installation  of  the  briquetting-plant  was  begun 
about  two  and  a  half  years  ago.  As  originally  constructed,  the 
briquetting-machine  was  a  reciprocating-press  of  English  make, 
but  after  carefully  working  out  the  process  the  company  came 
to  the  conclusion  that  a  press  of  the  reciprocating  type  is 
adapted  only  to  large  briquettes,  whereas  the  markets  for  which 
this  product  was  intended  demanded  a  small  briquette  for  the 
domestic  trade. 

As  the  result  of  the  experience  gained  with  the  English 
machine,  the  company  has  developed  a  process  for  the  manu- 
facture of  small  briquettes,  and  although  this  plant  is  just  be- 
ginning to  run  it  gives  excellent  promise. 

The  process  consists  essentially  of  the  intimate  mixing  of 
finely-powdered  pitch  of  proper  quality  and  consistency  with 
pulverized  coal,  so  that  theoretically  each  particle  of  coal  is 
coated  with  the  fine  pitch.  The  mixture  is  then  brought  up  to 
the  proper  temperature  with  steam,  or  steam  and  hot  water,  and 
is  fed  to  a  rotary  Mashek  press  built  by  the  Traylor  Engineer- 
ing Co.,  of  New  York.  The  output  of  the  plant  is  from  10  to  15 
tons  of  briquettes  per  hr.  These  are  from  2.5  to  3  oz.  in  weight, 
and  about  1|  in.  square,  shaped  somewhat  like  a  miniature  sofa- 
pillow.  This  shape  is  satisfactory  for  shoveling  and  for  hand- 
ling in  household  stoves  and  furnaces.     The  company  is  using 
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a  portion  of  coke-breeze  with  the  coal  and  pitch,  with  a  view 
to  making  use  of  the  breeze  from  its  coke-plant,  and  it  is  also 
experimenting  on  the  best  mixtures  and  the  best  grades  of 
coal.  The  briquettes  made  so  far  are  said  to  bum  well  and  to 
give  no  smoke,  except  a  slight  puft*  when  they  are  first  thrown 
on  the  fire.  As  the  plant  is  not  yet  in  full  running,  some 
minor  adjustments  are  still  being  made  to  perfect  the  product, 
but  the  operators  are  much  encouraged  by  results  so  far  ob- 
tained, and  expect  within  a  short  time  to  be  making  a  thor- 
oughly satisfactory  and  commercial  product. 

Missouri. 

Ben/row  Briquette  Machine  Co, — During  the  summer  of  1908, 
Governor  W,  C.  Renfrow,  of  Oklahoma,  became  financially  in- 
terested in  a  briquetting  company  in  St.  Louis.  In  the  fall  of 
the  same  year  Mr.  E.  D.  Mizner,  of  Hamilton,  Ont.,  visited  St. 
Louis  to  make  a  report  for  some  Canadian  interests  relative  to 
the  purchase  of  the  Canadian  rights  for  the  patents  of  this  com- 
pany. The  results  of  these  investigations,  and  the  eflforts  of 
Governor  Renfrow  to  force  the  briquette  company  to  deliver  a 
machine,  ended  in  the  bankruptcy  of  the  company.  In  Octo- 
ber, 1908,  an  agreement  between  Governor  Renfrow  and  Mr. 
Mizner  was  made  by  which  Mr.  Mizner  was  to  build  a  bri- 
quette-machine which  would  overcome  the  difficulties  encoun- 
tered with  the  former  press.  No  company  was  organized  at 
that  time,  but  contracts  were  drawn  satisfactory  to  the  people 
interested. 

The  following  spring,  Mr.  Mizner  built  the  first  Renfrow 
press,  which  made  briquettes  2  in.  in  diameter,  weighing  about 
4  oz.  This  press  had  some  of  the  essential  features  of  the  pres- 
ent Renfrow  press  but  made  briquettes  only  at  one  end  of  the 
stroke ;  that  is,  12  briquettes  per  revolution.  After  this  mar 
chine  was  built  it  was  discovered  that  the  briquettes  were  too 
small  and  that  the  construction  of  the  machine  was  too  light. 
Mr.  Mizner  also  developed  the  idea  of  making  briquettes  at 
both  ends  of  the  stroke,  thus  doubling  the  capacity  of  the  ma- 
chine. It  was  decided  to  build  a  much  heavier  machine,  and 
one  making  a  briquette  3  in.  in  diameter.  Changes  were  also 
made  in  the  method  of  mixing  and  heating  the  material.  The 
cast-iron  vertical  heaters  of  the  original  press  were  supplanted 
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with  horizontal  jacketed  heaters,  using  ordinary  spiral-con- 
veyor flights  for  mixing  and  handling  the  fiiel.  To  this  was 
added  a  short  vertical  heater  acting  as  a  reservoir,  into  which 
live  steam  was  admitted  just  before  the  mixture  was  delivered 
to  the  molds. 

The  briquetting  portion  of  the  Geological  Survey  coal-test- 
ing plant  at  St.  Louis  during  the  Exposition  has  already  been 
described.^^  After  the  close  of  the  Exposition  the  "American  " 
machine,  installed  by  the  National  Compressed  Fuel  Co.,  of 
Chicago,  was  removed,  and  early  in  1906  the  remaining  por- 
tion of  the  briquetting-plant  was  destroyed  by  fire.  In  re- 
building the  plant  provision  was  made  for  the  installation  of  a 
Renfrow  briquette-machine. 

This  machine  was  completed  in  the  fall  of  1905.  Mr.  C.  T. 
Malcolmson,  of  the  U.  S.  Geological  Survey  testing-plant,  in- 
spected this  press  at  the  shops  of  the  Ramming  Machine  Co., 
at  St.  Louis,  and  burned  some  of  the  briquettes  under  a  boiler 
at  that  plant.  Difficulties  were  developed  from  the  fact  that 
the  fuel  remained  too  long  in  the  vertical  heaters,  and  some 
trouble  was  also  experienced  in  getting  the  material  from  the 
die-filler  to  the  die  proper.  Occasionally  briquettes  would 
stick  in  the  dies,  resulting  in  a  double  charge,  which  finally 
crippled  the  machine.  Provisions  were  then  made  to  over- 
come these  difficulties  and  the  machine  was  rebuilt  The  new 
machine  was  first  tested  in  March,  1906.  The  heating-capacity 
was  increased  so  that  the  charge  remained  in  the  conveyors 
about  15  min.  before  reaching  the  dies,  thus  allowing  the  ma- 
terial to  become  thoroughly  heated  and  the  melted  pitch  to 
mix  with  the  coal.  Brushes  were  added  to  insure  the  charge 
being  carried  to  its  proper  position  in  front  of  the  die,  and  an 
ejector,  operated  by  a  magnet,  insured  the  delivery  of  the  bri- 
quettes from  the  ends  of  the  plungers.  Many  of  the  parts  of 
the  machine  were  strengthened,  and  steel  and  bronze  substi- 
tuted for  cast-iron  in  the  wearing-parts.  The  results  of  the 
tests  on  this  machine  made  under  the  supervision  of  Mr.  Mal- 
colmson for  Mr.  J.  A.  Holmes,  Expert  in  Charge  of  the  St. 
Louis  fuel-testing  plant,  at  the  testing-plant  of  the  company, 
resulted  in  a  contract  for  the  rental  of  this  machine  by  the 

^^   V.  8.  Oeoiogical  Survey  Bulletins  Nos.  261  and  290,  and  Professumal  Paper 

No.  48. 
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Government.  In  May,  1906,  the  first  successfully-operating 
Renfrow  machine  was  installed  at  the  fuel-testing  plant.  It 
is  shown  in  Fig.  18. 


Fig.  13.— Renfrow  Briquettino- Press  at  the  Geological  SmvEY 

TESTING-PLAirr. 

The  result  of  the  tests  which  have  been  made  on  the  Ren- 
frow machine  from  May,  1906,  to  March,  1907,  indicated  that 
the  design  of  this  press  was,  in  the  main,  satisfactory,  and  that 
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the  difficulties  experienced  were  due  almost  entirely  to  bad  or 
weak  construction  of  the  machine.  This  machine  was  the  re- 
sult of  many  changes,  while  in  many  cases  it  was  impossible 
to  strengthen  the  weak  parts  owing  to  the  limited  space,  or  the 
fact  that  the  size  of  the  part  was  fixed  by  the  original  design. 

The  difficulties  encountered  in  operating  this  machine  at  the 
coal-testing  plant  soon  indicated  its  weaknesses,  and  as  a  result 
the  Kenfrow  Co.  designed  and  built  two  new  presses,  one  of 
which  was  installed  and  is  now  being  operated  by  the  Western 
Coalette  Fuel  Co.  at  Kansas  City.  The  other  is  now  ready  for 
delivery  to  the  fuel-testing  plant  at  the  Jamestown  Exposition. 
The  new  press  makes  a  briquette  8.25  in.  in  diameter,  weigh- 
ing about  a  pound.  The  machine  which  was  operated  at  the 
St.  Louis  fuel-testing  plant  could  not  be  depended  upon  to  de- 
liver more  than  1,000-lb.  pressure  per  sq.  in.  on  the  briquettes 
without  seriously  straining  the  frame  of  the  press.  The  new 
machine  will  deliver  a  maximum  pressure  of  about  2,500  lb. 
per  sq.  in.  without  straining  the  machine.  All  of  the  wearing- 
parts  not  under  pressure  are  made  of  bronze  so  as  never  to 
become  corroded,  while  the  dies,  made  of  case-hardened 
steel,  are  kept  clean  and  bright  by  the  abrasive  action  of  the 
fuel.  The  cams  and  rollers,  originally  made  of  chilled  cast- 
iron,  are  made  of  case-hardened  tool-steel  in  the  new  machine, 
and  the  design  of  the  housing  has  been  so  changed  that  any  of 
the  parts  can  be  removed  without  dismantling  the  machine. 
Provision  has  also  been  made  in  the  new  machine  so  to  feed 
the  heaters  that  they  will  always  run  clean  and  at  the  same 
time  keep  a  full  load  in  the  chamber  above  the  die-filler.  This 
chamber,  while  closed  in  the  old  machine,  is  open  in  the  new, 
which  allows  the  operator  to  regulate  the  supply  of  fuel  to  the 
press  at  all  times.  The  plungers  are  arranged  to  make  it  prac- 
tically impossible  for  a  double  charge  to  enter  the  press,  and 
the  length  of  the  spring  behind  these  plungers  has  been  in- 
creased so  that  a  double  charge  would  not  affect  the  press  in 
any  way. 

Early  in  1906  the  Renfrow  Briquette  Machine  Co.  was 
incorporated  under  the  laws  of  the  State  of  Missouri  with 
^1,000,000  capital;  W.  C.  Renfrow,  President;  J.  M.  Smith, 
Secretary  and  Treasurer,  and  E.  D.  Mizner,  Superintendent. 
This  concern  is  a  close  corporation,  and  the  company  will  not 
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ofter  for  sale  any  machines  until  after  the  Kansas  City  plant  has 
proved  successful.  As  far  as  can  be  learned,  the  construction 
of  the  Kansas  City  plant  was  brought  about  by  the  willingness 
of  its  President,  Mr.  J.  H.  Durkee,  to  accept  a  Renfrow  mar 
chine  without  a  guarantee,  simply  on  the  strength  of  the  work 
done  at  the  coal- testing  plant.  There  are,  of  course,  still  some 
difficulties  to  be  overcome,  as  is  the  case  in  the  operation  ot 
any  new  plant,  but  in  the  main  the  mechanical  operations  of 
this  plant  are  satisfactory,  and  the  Renfrow  Co.  has  been  able 
to  deliver  what  it  contracted  to  do.  Financial  difficulties  have 
threatened  the  life  of  the  plant  under  the  present  organiza- 
tion, but  Governor  Renfrow  has  affirmed  that  he  will  not  allow 
this  plant  to  fail  for  this  reason.  A  contract  has  been  signed 
to  deliver  one  of  the  machines  to  a  company  at  Detroit,  but 
under  the  terms  of  the  contract  no  date  is  fixed  for  the  delivery 
of  this  machine,  and  no  guarantee  from  the  Renfrow  Co.  has 
been  required.  Governor  Renfrow  is  also  authority  for  the 
statement  that  the  Detroit  machine  will  not  be  delivered  until 
after  the  Kansas  City  plant  has  been  successfully  operated  and 
put  on  a  commercial  basis. 

The  Renfrow  Briquette  Machine  Co.  has  no  plant  of  its  own, 
but  has  under  consideration  the  establishment  of  a  factory  in 
St.  Louis.  All  of  the  machines  above  mentioned  were  built 
in  machine-shops  under  contract.  The  Kansas  City  machine 
was  built  by  the  Excelsior  Tool  &  Machine  Co.,  at  East  St. 
Louis,  and  all  of  the  other  machines  by  the  Ramming  Ma- 
chine Co.,  of  St.  Louis. 

North  Dakota. 

During  1905  ex-United  States  Senator  W.  D.  Washburn, 
President  of  the  Washburn  Lignite  Coal  Co.,  erected  a  small 
plant  at  Minneapolis  for  experimental  work  in  the  briquetting 
of  North  Dakota  lignite.  The  plant  was  too  small  to  be  oper- 
ated successfully  from  a  commercial  standpoint.  Several  hun- 
dred tons  of  briquettes  were  made  on  this  press  without  the  use 
of  a  binder.  The  briquettes  proved  a  satisfactory  fuel  for  do- 
mestic purposes  and  for  stationary  boilers,  but  were  not  adapted 
to  locomotive  use,  because  the  heavy  exhaust-draft  in  the  loco- 
motive has  the  effect  of  disintegrating  the  briquette  before  com- 
bustion and  causes  the  throwing-off  of  large  sparks.     This 
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small  experimental   plant  represents   the  extent  of  Senator 
Washburn's  efforts  to  briquette  North  Dakota  lignites. 

Mr.  Robert  L.  Stewart,  also  of  Minneapolis,  who  is  interested 
in  lignite-properties  near  Kenmare  in  Ward  county,  reports 
that  he  has  been  conducting  a  series  of  experiments  with  a 
view  to  the  briquetting  of  this  fuel,  and  as  a  result  of  his  in- 
vestigations the  American  Briquetting  &  Manufacturing  Co. 
has  been  organized,  which  contemplates  the  construction,  dur- 
ing the  present  year,  of  a  briquetting-plant  in  North  Dakota, 
convenient  to  the  lignite-deposits,  the  plant  to  have  a  capacity 
of  1,000  tons  of  briquettes  per  day.  Mr.  Stewart  says  that  the 
briquettes  can  be  manufactured  at  a  cost  not  to  exceed  f  2  per 
ton  f.o.b.,  this  cost  including  the  expense  of  mining  the  lignite 
and  delivering  it  to  the  briquetting-plant. 

Texas. 

Three  companies  have  been  organized  in  Texas  recently  for 
the  purpose  of  briquetting  the  lignites  which  occur  in  great 
abundance  through  the  eastern  part  of  that  State.  These  are 
the  International  Compress  Coal  Co.,  of  Houston ;  the  Ameri- 
can Lignite  Briquette  Co.,  of  San  Antonio,  and  the  Eureka 
Briquette  Co.,  of  Rockdale.  The  plant  of  the  last-mentioned 
company  has  been  erected  and  is  ready  for  operation  at  the 
time  of  the  writing  of  this  report,  except  for  the  fact  that  the 
drying-apparatus  has  been  found  too  small,  and  the  plant  has 
been  shut  down  pending  the  erection  of  a  larger  drier.  The 
details  of  the  plant  have  not  been  obtained. 

The  American  Lignite  Briquette  Co.,  while  incorporated  at 
San  Antonio,  will  locate  its  plant  at  Rockdale,  and  the  plant 
will  be  operated  in  connection  with  the  lignite-mines  of  J.  J. 
Olsen  &  Son.  The  company  has  purchased  a  press  made  by 
the  Klein  Briquette  Co.,  of  St.  Louis,  and  the  plant  will  prob- 
ably be  in  operation  by  the  time  this  report  is  ready  for  distri- 
bution. 

The  International  Compress  Coal  Co.  has  been  negotiating 
for  the  construction  of  a  plant,  but  no  actual  building  had  been 
begun  at  the  time  of  writing  this  report.  All  of  these  plants 
expect  to  use  asphaltic  pitch  made  from  heavy  Texas  oil. 
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Florida. 

In  September,  1905,  the  Orlando  Water  &  Light  Co.,  of 
Orlando,  completed  the  installation  of  a  plant  for  the  treatment 
and  briquetting  of  peat,  which  occurs  abundantly  in  the  low- 
lying  lands  of  Florida.  The  plant  is  located  about  8  miles 
from  Orlando,  on  the  border  of  a  peat-bog,  from  which  its  sup- 
ply is  drawn.  As  originally  installed,  this  plant  consisted  of  a 
macerating-machine  or  pug-mill,  in  which  the  fiber  of  the  peat 
is  entirely  destroyed,  and  a  brick-press.  The  briquettes,  as 
they  came  from  the  press,  were  about  the  size  of  an  ordinary 
building-brick,  and  when  dried  in  the  sun  shrunk  to  about  one- 
fourth  their  former  bulk  and  lost  from  75  to  85  per  cent,  in 
weight.  The  briquetting-feature  of  the  plant  was  abandoned 
in  the  summer  of  1906,  as  it  was  found  that  this  part  of  the 
work  represented  75  per  cent,  of  the  total  cost,  and  that  a  sat- 
isfactory fuel  could  be  made  without  briquetting.  The  method 
of  treatment  at  the  present  consists  simply  of  "  machining " 
the  peat  in  the  pug-mill  and  dumping  it  in  masses  of  several 
hundred  tons.  As  the  peat  dries  it  shrinks  and  cracks  into 
large  irregularly  rectangular  blocks,  which  are  broken  off  from 
the  heap  and  stored.  When  thoroughly  dried  these  blocks 
make  a  good  hard  fuel,  which,  it  is  stated,  may  be  used  for 
both  locomotive  and  stationary  boilers,  for  household  purposes, 
and  for  the  manufacture  of  gas.  Tests  of  the  machined  peat 
for  producer-gas  at  the  U.  S.  Geological  Survey  coal-testing 
plant  gave  excellent  results." 

The  machine  used  at  the  Orlando  plant  was  built  by  the 
Moore  &  Wyman  Elevator  &  Machine  Works,  South  Boston, 
Mass.,  under  patents  issued  to  the  late  T.  H.  Leavitt,  of  Boston. 

"  Report  on  Peat,  by  M.  R.  Campbell,  U.  S,   Geologieal  Savvey,  Mineral  Re- 
sources of  the  United  Statesj  1905,  pp.  1319  to  1322. 
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The  Occurrence  of  Nickel  in  Virginia. 

BT  THOMAS  LEONARD  WATSON,  BLACKSBURO,  TA. 

(Toronto  Meeting,  July,  1907.) 

Introduction. 

Sulphide  ore-bodies  of  more  or  less  lenticular  shape  occur- 
ring in  metamorphic  crystalline  schists,  gneisses,  and  slates , 
and  conforming  closely  in  strike  and  usually  in  dip  to  the  in- 
closing rock,  have  been  recognized  and  described  along  the 
Atlantic  seaboard  from  Quebec  to  Alabama.  The  ore-bodies 
do  not  entirely  conform,  in  all  cases,  to  the  structure  of  the  in- 
closing schists,  but  they  sometimes  cut  across  the  foliation  in 
dip,  though  conforming  more  closely  with  the  direction  of 
strike. 

In  composition  the  principal  sulphide  mineral  is  usually  py- 
rite  or  pyrrhotite,  or  both,  accompanied  by  copper,  frequently 
gold,  and  almost  always  some  sphalerite  and  galenite.  Other 
metallic  ores  are,  so  far  as  these  sulphide  bodies  have  been  in- 
vestigated, less  common ;  silver  is  not  uncommon,  and  in  some 
of  the  pyrrhotite  masses  nickel  is  present  in  quantity  sufficient 
to  be  commercially  valuable.  Cobalt  frequently  accompanies 
the  nickel,  usually  in  smaller  amount,  and  the  two  vary  much 
in  relative  proportion. 

Quartz  and  calcite  are  probably  the  most  common  of  the 
non-metallic  minerals.  A  number  of  silicate  minerals  are  fre- 
quent representatives  in  one  place  or  another ;  garnet,  amphi- 
bole,  biotite,  pyroxene,  zoisite  and  others. 

The  sulphide  bodies  of  Virginia,  comprising  both  pyrite  and 
pyrrhotite,  are  among  the  most  extensive  along  the  Atlantic 
seaboard.  Among  the  pyrite  bodies  may  be  mentioned  the 
well-known  and  extensively  worked  mines  of  Louisa  and  Prince 
William  counties,  located  on  the  main  pyrite  belt  (A,  Fig.  1) 
of  the  middle  and  northern,  eastern  Piedmont  region  in  Vir- 
ginia, and  among  the  pyrrhotite  bodies  is  the  famous  "  Great 
Gossan  Lead  "  (B,  Fig.  1)  of  the  Fioyd-Carroll-Grayson  coun- 
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ties  plateau  in  southwest  Virginia.  Both  nickel  and  cobalt,  in 
minute  quantities,  are  reported  in  association  with  the  pyrrho- 
tite  bodies  of  the  plateau  region  of  metamorphic  crystalline 
rocks  in  southwest  Virginia,  but,  so  far  as  I  am  aware,  the 
working  of  them  for  either  of  these  metals  has  never  been 
seriously  contemplated. 

It  is  the  purpose  of  the  present  paper  to  treat  in  some  detail 
of  a  recently  exploited  body  of  niccoliferous  pyrrhotite  in  the 
extreme  northwestern  corner  of  the  Floyd  county  portion  of 
the  Floyd-Carroll-Grayson  plateau,  shown  in  Fig.  2.  This  de- 
posit does  not  belong  to  either  of  the  classes  outlined  above, 
but  is  associated  with  basic  igneous  rocks,  the  principal  types 
of  which  are  not  unlike  those  of  Sudbury,  in  Ontario,  Canada. 

Localities  op  Niccolipbrous-Orb  Occurrences  in  Virginia. 

The  existence  of  nickel  in  Virginia  has  been  reported  from 
a  number  of  localities  in  the  Piedmont  region  or  crystalline 
area,  especially  in  association  with  many  of  the  extensive  pyr- 
rhotite bodies  of  the  Floyd-Carroll-Grayson  plateau  in  southi 
west  Virginia,  and  in  Amherst  county,  near  and  to  the  east 
of  Lynchburg.  In  Amherst  county,  the  pyrrhotite  is  some- 
what sparingly  developed  as  small  grains  and  moderate-sized 
granular  masses,  in  crystalline  schists,  partly  hornblendic,  of 
doubtful  origin.  More  recently,  nickel  in  association  with 
peridotite  masses  has  been  reported  from  near  Broadrun  sta- 
tion, in  Fauquier  county,  northern  Virginia ;  but  this  locality 
has  not  yet  been  investigated. 

Reliable  analyses  of  the  southwest  Virginia  pyrrhotite  bodies, 
giving  the  exact  percentages  of  nickel  and  cobalt,  are  unfor- 
tunately not  available. 

Developments  and  Value  op  the  Orb. 

The  property  described  in  this  paper  is  controlled  by  the 
Virginia  Nickel  Corporation,  which,  from  1904  until  recently, 
exploited  the  area  under  the  name  of  Fidelity  Exploration  Co. 
Fig.  2  indicates  openings  made  at  four  different  places.  Some 
of  these  are  in  schists  and  contain  pyrite  instead  of  pyrrhotite 
as  the  ore.  This  paper  will  be  confined  to  the  occurrence 
and  genesis  of  the  nickel  at  the  Lick  Fork  openings. 

This  occurrence  of  pyrrhotite  has  been  known  for  many  years. 
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The  ore  was  dug  and  copperas  made  from  it  in  a  very  crude 
way  before  the  Civil  War.  The  Lick  Fork  openings,  Fig.  3, 
comprising  shafts  and  drifts,  were  begun  in  the  hard-rock  out- 


Fio.  2. — Map,  Showing  Location  of  Nickel-  and  Absenic-Mines  in  Floyd 

County,  Va. 

crops  at  the  base  of  a  high  and  steep  ridge,  a  few  feet  above 
the  stream-level,  and  sunk  less  than  100  ft.  below  water-level. 
At  the  time  of  my  visit,  in  May,  1907,  a  large  amount  of  ore 
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on  the  dumpB  was  reported  to  average  by  actual  assays  not  less 
than  1.75  per  cent,  of  nickel,  and  a  fraction  of  1  per  cent,  of 
copper.  As  much  as  0.4  per  cent,  of  cobalt  was  reported ;  bnt 
the  average  is  considerably  less.  Assays  of  the  pyrite  from 
other  openings  in  the  area  are  reported  to  yield  from  8  to  4 
per  cent  of  nickel. 

Arsenopyrite  (mispickel)  is  mined  less  than  4  miles  south- 
west of  the  Lick  Fork  openings,  but  numerous  analyses  made 
of  the  ore  do  not  show  the  presence  of  either  nickel  or  cobalt. 


f\   ^rSmall  Opening 


Shopsnd 
EDglneHaaM 


Fig.  3. — Ground-Plan  Showing  Location  of  Openings  at  Nickei/-Mine, 
Neab  Hxmlock,  Floyd  Countt,  Va. 

Location  and  Topographt  of  the  Area. 

Location. — As  indicated  on  the  accompanying  map,  Fig.  2, 
the  area  here  described  lies  in  the  extreme  northwestern  part 
of  Floyd  county  along  the  boundaries  of  Montgomery  and 
Roanoke  counties.  The  openings  thus  far  made  are  wholly  in 
Floyd  county,  the  principal  ones  being  directly  on  Lick  Fork, 
within  a  few  hundred  feet  of  its  confluence  with  Flat  Run,  the 
BE.  headwaters  of  the  South  Fork  of  the  Roanoke  river.  The 
Lick  Fork  openings  are  further  located  in  a  direct  line  from 
Shawsville,  the  nearest  railway  station,  7  miles  nearly  SSE. 
The  openings  are  aligned  along  a  nearly  NE.-S W.  direction  for 
a  distance  of  about  4.5  miles. 

Topography, — Fig.  2  shows  the  area  to  be  a  part  of  the 
strongly  dissected  portion  of  the  extreme  NW.  part  of  the 
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Floyd-Carroll-Grayson  counties  plateau  region.  The  main 
divide  of  the  Blue  Ridge  is  several  miles  further  eastward, 
and  the  western  margin  of  the  Shenandoah  limestone  of  the 
Valley  region  is  less  than  3  miles  NW.  in  a  direct  line.  Only 
one  other  mining-operation  is  located  in  the  immediate  area — 
namely,  the  mines  and  milling-plant  of  the  U.  S.  Arsenic 
Mines  Co.,  less  than  4  miles  8W.  in  a  direct  line  from  the 
principal  nickel  openings  on  Lick  Fork,  The  mines  of  the  arse- 
nic company  are  practically  on  the  divide  between  the  north- 
and  south-flowing  waters  of  the  plateau  region,  the  nickel-bear- 
ing area  being  within  the  headwater-drainage  of  the  north-flow- 
ing streams. 

The  area  is  one  of  strong  surface-relief  and  of  the  moun- 
tainous type  of  topography,  the  higher  ridges  and  knobs  rising 
to  elevations  of  from  2,500  to  3,000  ft.  above  mean  tide-level. 
In  the  immediate  vicinity  of  the  principal  openings  on  Lick 
Fork,  the  surrounding  ridges  rise  about  600  ft.  above  the 
stream-level,  the  altitude  of  these  openings,  made  at  approxi- 
mately local  stream-level,  being  about  1,900  ft.  The  average 
elevation  of  the  area  is  probably  about  2,500  ft. 

Geology  and  Petrography. 

The  area  is  composed  exclusively  of  crystalline  metamorphic 
rocks  derived  in  part  from  original  sediments  and  in  part  from 
igneous  masses.  It  has  been  one  of  profound  deformation, 
the  results  both  of  anamorphic  and  katamorphic  changes  being 
strikingly  manifested  in  the  rocks. 

The  rocks  will  be  separately  discussed  under  (a),  the  country- 
rock,  and  (6),  the  rocks  immediately  associated  with  the  ore. 
The  latter  are  igneous  in  origin,  are  much  less  altered  from 
metamorphism,  and  are  intruded  into,  and  therefore  later  in 
age  than,  the  country-rocks. 

(a)  The  Country-Rock, — The  country-rock  is  chiefly  made  up 
of  a  complex  of  micaceous  quartz-schists  and  gneisses  of  vari- 
able composition,  and  usually  of  a  pronounced  thinly  foliated 
type.  Feldspar  may  or  may  not  be  a  principal  constituent  of 
the  schists ;  more  often  it  is  nearly  or  essentially  absent  The 
gneisses,  on  the  other  hand,  carry  feldspar  as  one  of  the  most 
abundant  minerals.  The  country-rocks  are  undoubtedly  de- 
rived, in  part  at  least,  from  original  sediments,  while  a  part 
can  be  probably  referred  to  altered  igneous  masses. 
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Talcose  and  chloritic  Bchiets  are  found  in  places.  East  of 
the  openings  on  Lick  Fork,  and  within  less  than  a  mile  along 
the  stream,  a  medium-textured,  highly  quartzitic  rock,  com- 
posed largely  of  pale  and  deep  blue  opalescent  quartz  with 
some  feldspar  and  a  dark  green  pyroxene  or  amphibole,  is  ex- 
posed, and  still  further  east  fine-grained  granite  occurs.  To- 
ward the  southwest  end  of  the  area  and  within  a  mile  of  the 
arsenic-mines  the  rock  is  a  talcose  schist  in  places.  At  the 
arsenic-mines  still  other  rock-types  are  distinguished,  the  prin- 
cipal ones  being  a  silvery  white,  very  thinly  foliated  quartz- 
sericite  schist,  with  occasional  bluish  quartz  <'  eyes,''  and  a 
feldspar-quartz  (bluish  opalescent  quartz) — ^biotite  gneiss,  the 
origin  of  which  is  in  doubt 

At  the  contact  of  the  Paleozoic  sediments  of  the  Valley  re- 
gion with  the  crystallines,  less  than  3  miles  NW.  of  the  Lick 
Fork  openings,  the  principal  rock  on  the  crystalline  side  is  an 
irregular  syenitic  gneiss  of  thin  foliation  and  highly  feldspathic. 
It  is  porphyritic  in  places,  the  pinkish  feldspar  phenocrysts  be- 
ing usually  elongated  in  the  direction  of  the  gpeissic  structure. 
Exposures  of  the  variable  syenitic  gneiss  aire  found  at  many 
points  over  the  western  part  of  the  area,  probi^bly  indicating  a 
considerable  belt  of  this  rock. 

{b)  Bocks  Immediately  Associated  with  <Ae  '  O^.— These  are 
without  exception  of  igneous  origin,  and  range  in  composition 
from  a  pyroxene  syenite  (akerite,  according  to  Brogger)  to  a 
very  basic  gabbro.  Two  distinct  types  of  the  gabbro  are  sharply 
defined  in  the  Lick  Fork  openings — namely,  olivine-diabase, 
and  the  ore-bearing  gabbro  proper.  These  are  separately  dis- 
cussed below. 

The  structural  relations  of  the  syenite,  diabase,  and  gabbro, 
as  indicated  in  the  larger  opening  on  Lick  Fork,  are  shown  in 
Fig.  4.  The  diabase  and  gabbro  seem  to  be  later  in  age  than 
the  syenite,  which  they  apparently  penetrate  in  dike-like  form. 
Evidence  is  lacking  as  to  the  exact  age-relations  of  the  gabbro 
or  ore-bearing  rock  and  the  diabase.  The  diabase  is  in  direct 
contact,  as  a  hanging-wall,  with  the  gabbro;  has  an  average 
thickness,  so  far  as  the  openings  extend  in  depth,  of  from  8  to 
10  ft.,  and  an  outer  contact  with  the  syenite,  as  its  own  hang- 
ing-wall. 

Li  May,  1907,  the  openings  were  nearly  filled  with  water, 
which  prevented  access  to  them  and  doubtless  left  much  that 
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might  otherwise  be  cleared  up  from  an  underground  study.  I 
was  reliably  assured,  however,  that  the  contact  between  the 
gabbro  and  diabase  was  entirely  sharp  and  without  gradation 
of  the  two  rocks  into  each  other.  It  is  entirely  plain  that  since 
the  last  intrusion  of  igneous  material  the  three  rocks,  syenite, 
gabbro,  and  diabase,  have  been  subjected  alike  to  intense 
dynamic  strain,  resulting  in  extensive  fracturing,  and  otherwise 
altering  them  to  some  degree. 

Pyroxene-SymUe, — Pyroxene-syenite,  the  rock  into  which  the 
ore-bearing  rock  is  immediately  intruded,  is,  in  its  typical  de- 
velopment, a  coarse-grained  dark  grayish-green  aggregate  of 
feldspars  and  dark  pyroxenes  with,  in  places,  a  sprinkling  of 
quartz  and  biotite,  and  usually  garnets.   It  is  strikingly  similar, 


SYENITE 


NORITE  DIKE, 

WITH  PYRRHOTITE 

AND  NICKEL. 


DIABASE  DIKE. 
SLATY. 


Fio.  4.— Section  op  Nickel-Mine,   near  Hemlock,   Floyd  County,  Va. 
Shows  Structural  Relations  of  the  Syenite,  Diabase,  and  Gabbro. 

both  in  hand-specimens  and  in  thin  sections,  to  the  unakite-bear- 
ing  rock  of  Madison  county, Virginia,  in  the  northern  Blue  Ridge 
region,  described  by  Phalen  as  hypersthene  akerite,  and  later 
traced  by  me  through  several  adjoining  counties  in  the  same 
region. 

The  syenite  has  not  been  identified  on  the  higher  ridge-tops 
of  the  area,  but  is  found  exposed  at  considerably  lower  eleva- 
tions on  Flat  Run  and  Lick  Fork.  It  has  not  been  definitely 
identified  at  a  greater  distance  from  the  Lick  Fork  openings 
than  two  miles.  The  outcrops  at  different  places  vary  in  color 
and  texture  from  the  normal  coarse-grained,  dark,  grayish- 
green  rock,  with  only  an  occasional  recognizable  quartz-grain, 
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to  one  of  lighter  color  and  from  similar  coarse  to  finer  texture, 
in  which  a  fair  sprinkling  of  quartz  occurs  and  a  considerable 
development  of  garnet.  In  the  finer-textured  rock,  biotite  is 
frequently  present  in  large  amount. 

In  thin  section  the  following  minerals  were  noted :  Ortho- 
clase,  plagioclase,  microcline,  pyroxene,  biotite,  hornblende, 
quartz,  garnet,  and  the  usual  minor  accessory  minerals  and 
alteration-products  common  to  syenitic  rocks.  Pyroxene  is 
the  only  essential  ferromagnesian  silicate,  though  biotite  ap- 
pears in  nearly  every  thin  section  except  two,  sparingly  in 
some  but  nearly  equaling  pyroxene  in  others,  and  hornblende 
is  by  no  means  rare.  Feldspar  is  much  the  most  abundant 
mineral,  and  is  occasionally  intergrown  with  quartz  in  micro- 
graphic  structure.  Microcline  is  present  in  most  of  the  sec- 
tions, and  in  many  it  is  hardly  less  abundant  than  orthoclase 
and  plagioclase.  Plagioclase  equals  and  in  some  sections  ex- 
ceeds the  potash  feldspar  in  amount,  and  the  rock  might  per- 
haps with  equal  propriety  be  called  a  monzonite.  In  the 
absence  of  a  complete  chemical  analysis,  however,  the  name 
syenite  is  retained  for  the  rock. 

Analysis  of  a  similar  syenite  (hypersthene  akerite)  from 
Milams  Gap  in  the  Blue  Ridge  of  northern  Virginia,  analyzed 
and  described  by  Phalen,^  will  give  a  general  idea  of  the  com- 
position of  the  Floyd  county  syenite. 

Hypersthene  Akerite  {syenite)  from  Milams  Gap^  Virginia. 
W.  C.  Phalen,  Analyst. 

Per  Cent. 
SiO,, 60.52  a 

Al,Oj. l«-90 

FcjOs, 0.60 

FeO, 6.53 

MgO, 1.59 

CaO, 4.58 

Na,0, 2.83 

KjO, 3.91 

H,0, 0.88 

PA, 0.74 

MnO, 0.25 

ZrOj, trace 

.  CtjOj, trace 

TiOj, n.d. 

Total, 99.42 

a  Includes  TiOa. 

^  Smithsonian  MiBceUaneovLs  OoUeetionSy  1904,  vol.  45,  p.  311. 
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Extinctions  measured  against  the  twining  lamellae  of  the 
plagioclase  indicate  a  feldspar  of  about  acid  labradorite  compo- 
sition. Evidences  of  strain  are  manifested  both  in  the  feldspar 
and  in  the  quartz  by  frequent  wavy  extinction  and  fracturing, 
and  in  the  former  mineral  by  occasional  bent  lamellae.  The 
usual  alterations  of  the  feldspars  and  pyroxenes  are  noted,  but 
are  not  important  at  this  time. 

Garnet  is  present  to  some  extent  in  nearly  every  thin  section, 
and  in  many  it  is  considerable  in  quantity.  Most  of  the  hand- 
specimens  of  the  rock  show  little  or  much  of  the  mineral.  It 
is  entirely  secondary,  as  its  position  in  the  sections  indicates  its 
derivation  from  the  interaction  of  the  feldspar  and  ferromag- 
nesian  minerals,  usually  pyroxene.  It  is  present  usually  in 
large  irregular  granular  masses  and  in  every  case  it  is  greatiy 
fractured.  It  is  probably  the  common  variety  of  calcium-iron 
garnet,  andradite.  The  other  minerals  do  not  call  for  descrip- 
tion here. 

Fractures  common  to  most  of  the  minerals,  a  partly  periph- 
eral granulation  of  the  light-colored  minerals,  occasional  bent 
lamellae  of  the  plagioclase,  and  wavy  extinction  of  the  quartz 
and  to  some  extent  the  feldspar,  are  microscopic  evidences  of 
strain  in  thin  sections  of  the  rock.  Every  outcrop  of  the 
rock  shows  extensive  fracturing,  the  numerous  irregular  frac- 
tures crossing  each  other  in  nearly  every  direction,  frequently 
breaking  the  rock  into  small  irregular  masses. 

Olivine-Diabase. — So  far  as  the  opening  extends  in  depth, 
the  olivine-diabase  occurs  on  the  hanging-wall  of  the  ore-bear- 
ing gabbro,  in  dike-like  form,  averaging  in  width  from  8  to  10 
ft.  and  separating  the  gabbro  from  the  syenite.  As  indicated 
in  Fig.  3,  the  dike  is  exposed  in  and  crossed  by  Lick  Fork  after 
its  first  bend  from  the  mine-openings,  distant  from  the  latter 
about  500  ft.  These  two  neighboring  exposures  of  presum- 
ably the  same  dike  indicate  a  trend  of  N.20°E.,  and,  as  shown 
in  Fig.  4,  a  dip  of  45°  to  60°  ESE.  Its  micro-structure  and 
composition  are  those  of  typical  fine-grained  olivine-diabase. 
Olivine  is  abundant  in  large  micro-porphyritic  grains  and  crys- 
tals. Apart  from  the  plagioclase  laths  and  the  augite,  a  sparse 
sprinkling  of  iron  sulphide  occurs,  apparently  of  primary  origin. 

Like  the  syenite,  the  diabase  is  extensively  broken  by  frac- 
ture-lines, which  cause  it  to  break  into  small  irregular,  more  or 
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less  rhombic,  blocks  when  struck  with  the  hammer.  In  the 
unweathered  rock  the  diabase  appears  entirely  massive,  but 
specimens  quarried  from  near  or  just  above  the  water-level 
and  exposed  to  the  air  for  some  time  show  a  parting  closely 
similar  to  slaty  cleavage.  In  these  weathered  specimens  of  the 
rock,  pyrite  is  visible  to  the  naked  eye,  and  some  of  it  is  of 
secondary  origin,  formed  along  the  parting-planes  mentioned 
above. 

Micc^Gabbro  (Ore-Bearing  Bock). — ^Fig.  4  shows  the  relations 
of  the  ore-bearing  gabbro  to  the  syenite  and  olivine-diabase. 
It  has  an  average  width  in  the  present  main  opening  on  Lick 
Fork  of  from  18  to  22  ft.,  and  like  the  diabase  it  dips  from 
45°  to  60°  E8E. 

It  is  a  uniformly  dark,  dense,  medium-  to  fine-grained  rock, 
in  which  the  somewhat  abundant  biotite  shreds  are  easily 
recognized  by  the  unaided  eye.  Megascopically  it  appears  to 
be  entirely  made  up  of  the  dark  silicate  minerals  and  the 
metallic  sulphides.  The  nature,  distribution,  and  occurrence 
of  the  sulphides  are  described  below.  In  the  hand-specimens 
the  rock  appears  entirely  massive  and  without  evidence  of 
alteration  of  any  kind. 

Examination  of  a  reasonably  large  number  of  thin  sections 
shows  the  rock  to  be  composed  of  a  greater  preponderance  of  the 
dark  silicate  minerals  than  of  the  lighter-colored  ones.  Ortho- 
rhombic  and  monoclinic  pyroxene,  biotite,  hornblende,  olivine, 
and  plagioclase,  are  the  principal  rock-minerals.  Not  all  of  these 
are  found  in  any  single  section.  Pyroxene,  biotite,  hornblende, 
and  plagioclase  are  in  largest  amount.  Hornblende  is  variable 
in  amount,  being  large  in  some  sections  and  small  in  others, 
and  olivine  was  noted  in  only  one  or  two  sections,  but  in  these 
it  was  in  quite  appreciable  amount.  Monoclinic  pyroxene  is 
the  most  abundant  dark  silicate,  and  in  some  sections  ortho- 
rhombic  pyroxenes  were  not  identified.  Biotite  is  present  in 
every  section,  usually  in  considerable  quantity,  as  a  primary 
constituent.  Accessory  orthoclase  is  present.  Quartz  and 
garnet  do  not  occur. 

Usually  the  minerals  show  strong  cleavage-development  and 
are  more  or  less  considerably  altered  to  the  usual  secondary 
products,  with  the  separation  of  much  black  oxide  of  iron  from 
the  ferromagnesian  minerals.     Minute  fractures  are  common 
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to  all  the  minerals,  and  in  many  instances  the  biotite  folia  are 
bent  and  fractured  across.  Several  sections  showed  chiefly 
areas  of  a  fine  mosaic  of  the  minerals,  especially  the  dark  sili- 
cates, which  undoubtedly  represent  mashing  and  granulation 
from  pressure. 

The  Ores. 

The  ore  is  chiefly  pyrrhotite,  with  finely  disseminated  chal- 
eopyrite  inextricably  intermingled.  It  is  fine-grained  and 
massive,  and  apart  from  manifesting  a  tendency  to  break  along 
planes  of  weakness  it  shows  no  evidence  of  banding.  The 
sulphides  both  replace  and  inclose  the  rock-minerals  at  times. 

Separate  nickel-minerals  were  not  observed.  Indeed,  no  in- 
vestigation was  made  to  determine  whether  the  nickel  was 
present  as  an  essential  constitutent  of  the  pyrrhotite,  replacing 
in  part  the  iron,  or  as  a  separate  compound,  as  in  the  Sudbury 

district. 

Mode  of  Occurrence  of  the  Orbs. 

Megascopic. — The  sulphides,  pyrrhotite  and  chalcopyrite, 
chiefly  the  former,  are  quite  freely  distributed,  but  w^ithout  strik- 
ing regularity  or  uniformity,  through  the  gabbro.  In  some 
parts  of  the  rock  the  proportion  of  sulphides  is  very  sqiall ;  in 
others,  they  make  up  50  per  cent,  and  more  of  the  total  rock- 
mass,  with  all  gradations  between.  The  average  ratio  of  sul- 
phides to  total  rock-mass  is  considerably  less  than  15  per  cent 
It  is  not  possible  for  me  to  say  whether  the  ore-distribution  favors 
any  one  zone,  such  as  the  foot-  or  hanging-wall,  or  the  central 
portion  of  the  rock,  more  than  another.  The  exposures  acces- 
sible to  me  in  the  openings  were  insufficient  as  data  for  a 
judgment  on  this  question.  A  careful  examination  of  the 
dumps,  however,  revealed  some  ore  in  nearly  every  piece  of 
the  ore-bearing  rock,  and  I  am  reliably  informed  that  the  ore 
does  not  favor  one  zone  in  the  rock  more  than  another,  but  is 
distributed  through  the  entire  thickness  of  the  ore-bearing 
rock — gabbro.  The  sulphides  are  distributed  through  the  rock 
in  small  irregular  areas,  both  connected  and  disconnected, 
and  in  stringers  and  veinlets,  which  penetrate  the  rock  in  all 
directions.  These  irregular  small  areas  of  ore  may  be  composed 
entirely  of  sulphides,  or  the  sulphides  may  inclose  minute  areas 
of  the  rock-minerals.  Another  occurrence  is  that  of  smaller 
isolated   granular  masses,  resembling  disseminations,  such  as 
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Fig.  5. — ^Photomicrograph  of  ore-rock,  show- 
ing sulphides  (dark)  between  folia  of  biotite 
(medium  gray),  filling  fractures  and  entering 
cleavages.  Light-colored  areas,  altered  and 
unaltered  pyroxene.     X  40. 


Fig.  ft. — Photomicrograph  of  ore-rock,  show- 
ing sulphides  (dark)  rimming,  penetrating  and 
replacing  pyroxene  (white).     X  40. 


Fig.  7. — Photomicrograph  of  ore-rock,  with 
ore  (dark)  replacing  the  iron-bearing  silicate- 
minerals,  chiefly  pyroxene,  with  some  biotite 
(white)  along  cracks  and  cleavages.  Small  un- 
replaced  residues  of  silicate-minerals  (white)  in 
large  area  of  sulphides  (dark).     X  'lO. 

Figs.  5,  6,  7,  8. — Microstructcres  of  Nickel  Ore-Rocks,  Floyd  County,  Virginia. 


Fig.  8. — Photomicrograpli  of  ore- rock,  show- 
ing inclosures  of  biotite  folia  and  pyroxene 
(white)  in  sulphides  (medium  gray).  The 
dark  area  on  right  of  figure  is  brownish-red 
chlorite  derived  from  biotite.     X  40. 
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may  ordinarily  be  observed  in  any  basic  igneous  rock,  and  are 
usually  regarded  as  original  constitutents  of  the  rock. 

Microscopic. — Microscopic  sections  indicate,  as  remarked 
above,  that  the  rock  has  undergone  some  alteration,  although 
every  section  shows  that  most  of  the  original  minerals  are  re- 
markably fresh,  except  frequently  around  the  margins  and 
along  the  fractures  which  penetrate  into  and  sometimes  cross 
the  grains,  and  in  some  cases  along  the  cleavage-directions. 
Many  instances  are  noted  in  which  the  original  mineral  is  al- 
most completely  altered,  but  the  ratio  of  such  to  the  entirely 
or  nearly  fresh  mineral  is  exceedingly  small. 

Microscopic  sections  show  the  relations  of  the  sulphides  to 
the  rock-minerals  to  be  quite  similar,  in  some  respects,  to  the 
Sudbury  and  the  Rossland  examples  described  by  Dickson.* 
The  sulphides  probably  show  closer  association  with  the  dark 
silicate-minerals  pyroxene,  biotite,  and  hornblende.  The  sulph- 
ides, filling  fractures,  are  formed  between  the  grains  and  along 
the  cleavages,  replacing  the  rock-minerals  involved,  either  in 
whole  or  in  part.  These  relations  of  the  sulphides  to  the  silicate- 
minerals,  indicated  in  Figs.  5,  6,  7  and  8,  show  the  marked 
tendency  of  the  sulphides  to  follow  lines  of  weakness,  such  as 
along  fracture-  and  cleavage-planes  and  between  grains.  In 
each  occurrence  more  or  less  of  the  silicate-mineral  involved 
is  usually  replaced.  Sulphide  veinlets  are  frequently  formed 
in  the  silicate  minerals,  especially  the  biotite,  along  the  direc- 
tion of  cleavage  (Fig.  5).  Biotite  is  usually  only  slightly  or 
not  at  all  replaced  by  the  sulphides,  rarely  entirely  so,  indi- 
cating, for  those  sections  studied,  at  least,  that  it  is  one  of  the 
most-resistant  minerals. 

Frequently  the  sulphides  show  sharp  outlines  against  the 
fresh  silicate-minerals,  but  where  the  latter  are  cleaved  and 
broken  the  sulphides  tend  to  occur  along  these  directions. 
The  relations  of  the  sulphides  to  the  rock  minerals,  briefly 
stated  above,  are  shown  in  Figs.  5,  6,  7  and  8.  Attention  is 
called  to  Fig.  7,  which  shows  the  massive  ore  inclosing  small 
areas  of  unreplaced  silicate  minerals. 

It  is  noteworthy  that  a  very  small  proportion  of  the  sulphides 
show  relations  to  the  silicate-minerals  such  as  to  suggest  that 

2  Dickson,  C.  W.,  The  Ore-Deposits  of  Sudbury,  Ontario,  IVan«.,  xxxiv.,  25-64 

(1904). 
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they  are  primary  and  were  among  the  first  to  crystallize.  The 
proportion,  however,  is  not  greater  than  is  ordinarily  contained 
in  a  rock  so  basic  as  this  one. 

Genesis  of  the  Ores. 

The  description  given  above,  both  of  the  ore  and  the  asso- 
ciated rocks,  strongly  suggests  that  the  ore  is  chiefly  of  second- 
ary origin.  It  occurs  in  an  igneous  rock,  which  in  turn  is 
intimately  associated  with  others,  and  each  shows  visible  evi- 
dence of  deformation.  The  formation  of  most  of  the  ore 
appears  to  have  been  later  than  the  metamorphism  of  the  rocks. 
In  large  part,  the  evidence  for  this  is  based  on  microscopic 
study,  the  results  of  which  are  briefly  set  forth  above  and  need 
not  be  repeated  here. 

Concerning  the  source  of  the  ore  it  is  yet  impossible  to  make 
a  definite  statement.  Several  possibilities  present  themselves, 
which,  for  lack  of  sufficient  data,  are  not  discussed,  but,  so  fer 
as  there  is  evidence  at  hand,  it  is  probable  that  the  ore  was 
the  work  of  ascending  solutions  derived  from  great  depth. 

Conclusions. 

In  summary  the  essential  facts  developed  in  this  paper  are; 

I.  That  the  general  area  is  one  of  crystalline  metamorphic 
schists  and  gneisses,  derived  in  part  from  original  sediments 
and  in  part  from  igneous  masses. 

II.  That  the  ore-bearing  series  of  rocks,  which  is  of  igneous 
origin  and  intrusive  into  the  schists  and  gneisses,  comprises 
syenite,  diabase,  and  gabbro.  Gabbro  is  the  ore-bearing  rock 
and  is  in  contact  with  syenite  on  the  foot-wall  and  with  diabase 
on  the  hanging-wall.  Each  of  these  types  shows  evidence  of 
some  metamorphism. 

ITT.  That  the  ore,  averaging  not  less  than  1.75  per  cent,  of 
nickel  and  comprising  pyrrhotite  chiefly,  and  a  little  inter- 
mingled chalcopyrite,  is  largely  secondary  and  was  formed 
after  the  metamorphism  of  the  rocks.  Microscopic  sections 
show  that  from  the  relations  of  the  sulphides  to  the  rock-min- 
erals the  sulphides  followed  principally  the  lines  of  weakness 
in  the  silicate  minerals,  with  considerable  replacement  of  them. 
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Blast-Furnace  Practice. 

Supplementary  Note  to  the  Paper  of  T.  F.  Witherbee  on  Blast-Furnace  Practice, 
published  in  Bi-MarUhly  Bulletin,  No.  15,  May,  1907,  pp.  523  to  536. 

T.  F.  WiTHBRBBE,  Duraiigo,  Mexico  (communication  to  the 
Secretary*) : — In  quoting  Mr.  Truran  on  the  subject  of  mois- 
ture in  the  blast,  I  was  obliged  to  rely  upon  my  memory  of 
what  I  had  read  40  years  ago,  and  I  made  some  mistakes,  to 
which  Mr.  Frank  Firmstone  has  kindly  called  my  attention. 

I  have  just  re-read  Truran's  The  Manufacture  of  Iron,  2d  edi- 
tion (1867),  and  now  write  with  more  accuracy.  On  page  112 
Mr.  Truran  says :  "  Taking  the  average  of  five  years,  selected 
promiscuously  from  twenty-two  years'  working,  we  find  that  at 
the  foundry  iron  furnace  the  yield  of  coal  per  ton  of  pig-iron  was, 
in  the  winter  months,  49.7  cwts. ;  spring,  52.2  cwts. ;  summer, 
53.1  cwts. ;  and  autumn,  55.4  cwts.  The  excess  of  autumn 
over  the  winter  months,  5.7  cwts.,  is  equal  to  an  increase  of  11 
per  cent.  At  the  forge  iron  furnace  the  yields  in  the  winter 
months  are  43.6  cwts.;  spring,  44.2;  summer,  44.6;  and  au- 
tumn, 45.8  cwts.  The  excess  of  autumn  over  winter,  2.2  cwts., 
is  equal  to  5  per  cent.  The  variation  of  yield  with  the  season 
is  still  more  marked  with  the  ballast  iron  furnace,  the  yields 
being,  in  winter,  43.2  cwts. ;  spring,  44.1 ;  summer,  50.1 ;  and 
autumn,  49.5,  or  6.3  cwts.  more  in  autumn  than  in  winter,  equal 
to  13  per  cent,  nearly."  Recasting  these  data,  the  difference  in 
fuel-consumption  in  favor  of  the  dry  period  of  the  year  is : 

Per  Ton  of  Iron. 
Pounds. 

Foundry  iron  furnace, 638 

Forge  iron  furnace, 246 

Ballast  iron  furnace, 705 

I  can  find  no  date  or  data  that  will  give  even  a  close  approxi- 
mation of  the  time  that  Mr.  Truran  wrote  his  work.  It  appears 
to  have  been  written  somewhere  between  1827  and  1854,  though 
he  goes  back  to  1797  for  some  data.   I  can  only  say  that  it  was 

»  Received  July  26,  1907. 
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not  "  before  Neilson's  invention  of  the  hot  blast,"  as  I  stated  in 
my  paper,  for  "  hot  blast "  was  discussed  perhaps  more  thor- 
oughly than  any  other  subject. 

Truran  discussed  "  hot  blast "  on  the  same  lines  that  "  dry 
blast "  has  been  recently  considered  by  some  writers — viz.,  from 
the  stand-point  of  heat-units  alone — ^those  carried  in  by  the  hot 
blast  on  the  one  hand  and,  on  the  other,  those  not  needed  to 
decompose  the  lesser  quantity  of  water  entering  the  furnace. 
In  both  cases  the  main  point — ^the  total  effect — ^was  missed. 
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Proceedings  of  the  Ninety-Third  Meeting,  Toronto, 
Canada,  July,  1907. 

COMMITTEES. 

General  Reception  Committee. — Willett  G.  Miller,  Chairman;  F.  G.  B. 
Allan,  Hon.  Frank  Cochrane,  Eugene  Coste,  Thomas  W.  Gibson,  Cyril  W. 
Knight,  J.  C.  Murray,  O.  N.  Scott,  Alan  Sullivan,  J.  B.  Tyrrell,  J.  W.  Wells, 
A.  B.  Willis. 

Cobalt  Reception  Committee. — Arthur  A.  Cole,  Chairman;  Wra.  Askwith, 
R.  W.  Brigstocke,  Robt.  Bryce,  Fred  Coombs,  M.  I.  Culbert,  I.  R.  Drummond, 
J.  W.  Evans,  A.  Ferland,  F.  N.  Flynn,  E.  L.  Fraleck,  S.  R.  Heakes,  Joseph 
Houston,  B.  L.  Jemmett,  I.  R  Jones,  Major  Leckie,  Capt.  Jack  Leckie,  R.  W. 
Leonard,  W.  H.  Linney,  Alexander  Longvell,  Frank  Loring,  Murdock  McLeod, 
John  Martin,  D.  B.  Rochester,  W.  K  Running. 

Cobalt  Reception  Committee  {Ladies), — Mrs.  A.  A.  Cole,  Mrs.  A.  Edwards, 
Mrs.  R.  Jennings,  Mrs.  S.  H.  Logan,  Mrs.  A.  Long^ell,  Mrs.  H.  F.  Marsh,  Mrs. 
J.  Smith. 

Sudbury  Local  Committee. — Mayor  L.  O'Connor,  Chairman;  S.  Foumier, 
Secretary;  A.  H.  Beath,  W.  J.  Bell,  F.  B.  Bennett,  D.  M.  Brodie,  J.  S.  Buch- 
anan, F.  C  Busby,  Wm.  Chalmers,  R.  Dorsett,  W.  A.  Evans,  John  Frawley, 
J.  S.  Gill,  A.  R  Gordon,  J.  G.  Henry,  T.  N.  Kilpatrick,  Major  Leckie,  Chas. 
McCrea,  John  McLeod,  Wm.  McVittie,  R.  Martin,  R.  S.  Mitchell,  J.  H.  Morin, 
J.  A.  Orr,  James  Purvis  (President  Board  of  Trade),  C.  R.  Reid,  Major  Smith, 
W.  W.  StuU,  J.  F.  Templeton,  S.  E.  Wright. 

The  first  session,  held  in  the  Banquet  Hall  of  the  King  Ed- 
ward Hotel,  was  called  to  order  Tuesday,  July  23, 1907,  at  2.30 
p.m.,  President  John  Hays  Hammond  presiding. 

Prof.  Willett  G.  Miller,  chairman  of  the  General  Committee, 
introduced  Alderman  J.  J.  Graham,  who,  in  behalf  of  the  City 
of  Toronto,  extended  a  hearty  welcome  to  the  members  and 
guests  of  the  Institute.  To  this  welcome.  President  Hammond 
replied  in  a  few  well-chosen  and  hearty  remarks. 

In  the  hall  in  which  the  session  was  held  there  was  exhibited 
a  fine,  full-length,  life-size  portrait  of  Dr.  Rossiter  W.  Ray- 
mond, in  1871  Vice-President  and  acting  President,  in  1872, 
1873  and  1874  the  elected  President,  in  1876  and  1877  Vice-. 
President,  in  1883,  by  appointment  of  the  Council,  and  for 
the  last  24  years  by  annual  election,  Secretary,  of  the  Institute. 

Dr.  James  Douglas,  of  New  York,  N.  Y.,  on  behalf  of  numer- 
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0U8  members,  presented  this  portrait  to  Dr.  Raymond,  with  a 
highly  cordial  and  complimentary  address. 

Dr.  Eaymond,  after  acknowledging  with  gratitude  and  pride 
this  testimonial  of  affection  and  approval,  announced  that  he 
would  immediately  present  the  portrait  to  the  Institute,  in  the 
rooms  of  which  he  hoped  it  might  serve,  after  he  had  departed, 
to  recall  his  face  and  bear  witness  of  the  friendly  and  flattering 
estimate  which  had  been  placed  upon  his  work. 

The  Secretary  announced  that,  upon  the  proposal  of  many 
members  (including  nearly  all  the  past-Presidents  of  the  Insti- 
tute now  living),  the  unanimous  report  of  the  Committee  on 
Membership,  the  unanimous  recommendation  of  the  Council, 
Dr.  Charles  D.  Walcott,  late  Director  of  the  U.  S.  Geological 
Survey  and  now  Secretary  of  the  Smithsonian  Institution,  had 
been  unanimously  elected  by  the  Board  of  Directors  an  Hon- 
orary Member  of  the  American  Institute  of  Mining  Engineers, 
in  recognition  of  his  eminent  professional  contributions  and 
official  services  to  the  science  of  geology,  and  of  his  cordial 
and  eflicient  co-operation  with  the  work  of  the  Institute. 

The  following  papers  were  presented  in  oral  abstract  by  the 
authors: 

The  Destruction  of  the  Salt- Works  in  the  Colorado  Desert 
by  the  Salton  Sea,  by  William  P.  Blake,  Tucson,  Ariz. 

Secrecy  in  the  Arts,  by  Dr.  James  Douglas,  New  York,  N.  ¥• 

The  second  session  was  held  at  the  same  place  on  Wednes- 
day, July  24,  beginning  at  10.30  a.m..  President  Hammond  in 
the  chair. 

The  Secretary,  in  the  absence  of  the  author,  presented  in 
oral  abstract  the  following  paper : 

Corrosion  of  Iron  Water-Jackets  of  a  Copper  Blast-Fur- 
nace,  by  George  B.  Lee,  Douglas,  Ariz. 

The  following  papers  were  presented  in  oral  abstract  by  the 
authors : 

The  Electric-Air  Drill,  by  William  L.  Saunders,  New  York, 
N.  Y.  Mr.  Saunders's  paper,  which  was  illustrated  by  lantern- 
views,  brought  forth  an  animated  and  interesting  discussion  by 
Messrs.  D.  B.  Rushmore,  Thos.  J.  Eynon,  Wm.  Kent,  E.  W. 
Parker,  R.  W.  Raymond  and  W.  L.  Saunders. 
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Coal-Briquetting  in  the  United  States,  by  Edward  W.  Parker, 
Washington,  D.  C. 

The  Sands  of  the  Athabasca  District,  by  Dr.  Robert  Bell, 
Ottawa,  Can.  Dr.  Bell's  paper  was  discussed  by  Mr.  Eugene 
Coste. 

The  third  and  concluding  session,  held  at  the  same  place,  on 
Wednesday,  July  24,  was  called  to  order,  2.80  p.m.,  by  Presi- 
dent Hammond. 

The  following  papers,  illustrated  by  lantern- views,  were  pre- 
sented in  oral  abstract  by  the  authors : 

Notes  on  the  Cobalt  Mineral-Area,  by  Willett  G.  Miller, 
Toronto,  Ont 

Notes  on  the  Sudbury  Mineral- Area,  by  Dr.  Alfred  E.  Bar- 
low, Ottawa,  Ont. 

The  following  papers  were  read  by  title  for  future  publica- 
tion by  the  Institute. 

The  Wilfley  Table,  by  R.  H.  Richards,  Boston,  Mass. 

The  Occurrence  of  Nickel  in  Virginia,  by  Thomas  L.  Watson, 
Blacksburg,  Va. 

Geology  of  the  Virginia  Barite-Deposits,  by  Thomas  L.  Wat- 
son, Blacksburg,  Va. 

The  Effect  of  High  Litharge  in  the  Crucible- Assay  for  Silver, 
by  Richard  W.  Lodge,  Boston,  Mass. 

Physical  Factors  in  the  Metallurgical  Reduction  of  Zinc 
Oxide,  by  Woolsey  McA.  Johnson,  New  York,  N.  Y. 

Zinc  Oxide  in  Iron-Ores,  and  the  Effect  of  Zinc  in  the  Iron 
Blast-Furnace,  by  John  J.  Porter,  Cincinnati,  Ohio. 

Chronology  of  Lead-Mining  in  the  United  States,  by  Walter 
R.  Ingalls,  New  York,  N.  Y. 

The  Promontorio  Mine,  by  Francis  C.  Lincoln,  New  York, 
N.Y. 

Blow-Holes  in  Steel  Ingots,  by  E.  von  Maltitz,  South 
Chicago,  HI. 

The  Evergreen  Copper-Deposit,  by  Etienne  A.  Ritter,  Colo- 
rado Springs,  Colo. 

Pure  Coal  as  a  Basis  for  the  Comparison  of  Bituminous 
Coals,  by  W.  F.  Wheeler,  Urbana,  HI. 

Quantitative  Field-Test  for  Magnesia  in  Cement-Rock  and 
Limestone,  by  Charles  Catlett,  Staunton,  Va. 
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The  Production  of  Converter-Matte  from  Copper-Concen- 
trates by  Pot-Roasting  and  Smelting,  by  George  A.  Packard, 
Boston,  Mass. 

Biographical  Notices  of  1906. 

The  Panoramic  Camera  Applied  to  Photo-Topographic 
Work,  by  Charles  W.  Wright,  Washington,  D.  C. 

Notes  on  the  Present  Source  and  Uses  of  Vanadium,  by  J. 
Kent  Smith,  Pittsburg,  Pa. 

The  Mines  of  San  Juan  Nepomuceno  del  Doctor,  by  T.  D. 
Murphy,  Mexico  City,  Mex. 

Discussion  of  Paper  by  H.  M.  Howe  on  Piping  and  Segre- 
gation in  Steel  Ingots,  by  Alfred  C.  Lane,  Lansing,  Mich. 

Mbmbbrs  and  Gubsts. 

The  following  list  is  believed  to  comprise  the  names  of 
members  and  guests  who  registered  at  the  Institute  Head- 
quarters at  Toronto,  or  attended,  in  whole  or  in  part,  the  trip 
by  train  to  Cobalt  and  return;  nevertheless,  so  many  came 
and  went  at  various  times  during  the  meeting  that  this  list  is 
possibly  incomplete. 

List  of  Members  and  Guests  Registered  at  Toronto  or  Attending^ 
in  Whole  or  in  Party  the  Drain-  Trip  to  Cobalt  and  Return. 

Mr.  A.  K.  Adams, Spencer,  Mass. 

Mr.  Kobert  Ahn, Sudbury,  Can. 

Mr.  F.  G.  B.  Allen, Toronto,  Can. 

Mr.  James  Arcbbald, Scranton,  Pa. 

Mr.  William  Askwith, Cobalt,  Can. 

Mr.  H.  C.  Baker, Cobalt,  Can. 

Mr.  J.  Watson  Bain, Toronto,  Can. 

Dr.  A.  E.  Barlow, Ottawa,  Can. 

Mr.  Mowry  Bates, New  York,  N.  Y. 

Mr.  A.  H.  Beatb, Sudbury,  Can. 

Mr.  J.  J.  Bell •    .   .  Toronto,  Can. 

Mr.  C.  S.  Bell, Toronto,  Can. 

Dr.  Robert  Bell, Ottawa,  Can. 

Mr.  W.  J.  Bell, Sudbury,  Cam 

Mr.  Tbomas  Bengough, Toronto,  Can. 

Mr.  F.  B.  Bennett, Sudbury,  Can. 

Mr.  J.  H.  Black, North  Bay,  Can, 

Mayor  Wm.  J.  Blair, New  Liskeard,  Can. 

Mr.  W.  P.  Blake, Tucson,  Ariz 

Mr.  C.  S.  Blake, Toronto,  Can. 

Mr.  Stephen  Bodbm, Steelton,  Pa. 

Mr.  G.  W.  Bowles, Toronto,  Can. 
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Mr.  E.  W.  Brigstocke, Cobalt.  Can. 

Mr.  R  W.  Brock, Kingston,  Ont. 

MrB.  R.  W.  Brock, Kingston,  Ont, 

Mr.  D.  M.  Brodie, Sudbury,  Can. 

Mr.  D.  H.  Browne, Copper  Cliflf ,  Can. 

Mr.  Robert  Bryce, Cobalt,  Qm. 

Mr.  J.  S.  Buchanan, Sudbury,  Can. 

Major  F.  R  Burnam, Guadalajara,  Mexico. 

Mr.  F.  C.  Busby, Sudbury,  Can. 

Mr.  W.  A.  Caldecott, Johannesbui^g,  S.  Africa. 

Mr.  F.  W.  Chalmers, Cobalt,  Can. 

Mr.  William  Chalmers, Sudbury,  Can. 

Mr.  H.  S.  Chamberlain, Chattanooga,  Tenn. 

Mrs.  H.  S.  Chamberlain,    . Chattanooga,  Tenn. 

Mr.  C.  Chaplin, St  Catharines,  Ont 

Mr.  Maurice  Chatard, Paris,  France. 

Mr.  G.  Y.  Chown, Kingston,  Ont. 

Mr.  J.  L.  Church, ....  Cobalt,  Can. 

Mr.  J.  M.  Clarke, Toronto,  Can. 

Hon.  Frank  Cochrane, Toronto,  Can. 

Mr.  A.  A.  Cole, Cobalt,  Can. 

Mrs.  A.  A.  Cole, Cobalt,  Can. 

Mr.  Fred.  Coombs, Cobalt,  Can. 

Mr.  Edgar  S.  Cook, Pottstown,  Pa. 

Mrs.  Edgar  S.  Cook, Pottstown,  Pa. 

Mr.  Richard  B.  Cook, Pottstown,  Pa. 

Mr.  Harry  Cook, Pottstown,  Pa. 

Mr.  Eugene  Coste, Toronto,  Can. 

Dr.  Cremer, Diisseldorf,  Germany. 

Mr.  M.  I.  Culbert, .  Cobalt,  Can. 

Mr.  R  A.  Daly, Ottawa,  Can. 

Mr.  H.  P.  Davis, New  York,  N.  Y. 

Mr.  C.  W.  Dickson, Kingston,  Can. 

Mr.  R.  Dorsett, Sudbury,  Can. 

Mr.  I.  R  Drummond, Cobalt,  Can. 

Mr.  M.  Dubois. Paris,  France. 

Mrs.  A.  Edwards,     Cobalt,  Can. 

Mr.  Anton  Eilers, Brooklyn,  N.  Y. 

Miss  E  Eilers, Brooklyn,  N.  Y. 

Miss  M.  Filers, Brooklyn,  N.  Y. 

Mr.  Elfric,     .   ^ Haileybury,  Ont 

Mr.  E.  F.  Eurich, Mountain,  N.  J. 

Mr.  J.  W.  Evans, Belleville,  Ont. 

Mr.  W.  A.  Evans, Sudbury,  Can. 

Mr.  T.  M.  Eynon, Philadelphia,  Pa. 

Mr.  B.  F.  Fackenthal,  Jr., Easton,  Pa. 

Mrs.  B.  F.  Fackenthal,  Jr., Easton,  Pa, 

Mr.  H.  C.  Famuro, Bessemer,  Ont 

Mr.  a  C.  Farr, Haileybury,  Can. 

Mr.  A.  Ferland, Cobalt,  Can. 

Mr.  R  E.  Femow, Ithaca,  N.  Y. 

Mr.  F.  N.  Flynn, Cobalt,  Can. 
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Mr.  F.  Fohr, New  York,  N.  Y. 

Mayor  Foster, Haileybury,  Can. 

Mrs.  Foster, Haileybury,  Can, 

Mr.  S.  Fournier, Sudbury,  Can. 

Mr.  R  L.  Fraleck, Cobalt,  Can. 

Mr.  John  Frawley, Sudbury,  Can. 

Mr.  Thomas  W.  Gibson, Toronto,  Can. 

Mr.  J.  S.  Gill, Sudbury,  Can. 

Mr.  A.  G.  Gillespie, Sudbury,  Can. 

Mr.  C.  McM.  Godley, • New  York,  N.  Y. 

Mr.  A.  B.  Gordon, Sudbury,  Can. 

Alderman  J.  J.  Graham, Toronto,  Can. 

Mrs.  J.  J.  Graham, Toronto,  Can. 

Mr.  S.  P.  Grant, Toronto,  Can. 

Mr.  R  Grover, Toronto,  Can. 

Mr.  J.  C.  Gwillim, ....  Kingston,  Ont. 

Mrs.  J.  C.  Gwillim, Kingston,  Ont. 

Mr.  J.  J.  Harpell, Toronto,  Can. 

Mr.  J.  H.  Hammond, New  York,  N.  Y. 

Mr.  M.  H.  Harrington, Philadelphia,  Pa. 

Mrs.  M.  H.  Harrington, Philadelphia,  Pa. 

Mr.  M.  Harris Buffalo,  N.  Y. 

Mr.  A.  M.  Hay, Haileybury,  Ont,  Can. 

Mrs.  A.  M.  Hay, Haileybury,  Ont.,  Can. 

Mr.  S.  R  Heakes, Cobalt,  Can. 

Mr.  C.  T.  Hendricks, Toronto,  Can. 

Mr.  J.  G.  Henry,      Sudbury,  Can. 

Mr.  Walter  Hovey  Hill, Cobalt,  Can. 

Mra.  Walter  Hovey  Hill, Cobalt,  Can. 

Mr.  H.  W.  Hixon, Sudbury,  Can. 

Mr.  L.  Holbrook, New  York,  N.  Y. 

Mrs.  L.  Holbrook, New  York,  N.  Y. 

Mr.  L.  F.  S.  Holland, Telluride,  Colo. 

Mrs.  L.  F.  S.  Holland, Telluride,  Colo. 

Mr.-M.  Horton, Cobalt,  Can. 

Mr.  Joseph  Houston, Cobalt,  Can. 

Mr.  Kobert  W.  Hunt, Chicago,  111. 

Mrs.  Robert  W.  Hunt, Chicago,  111. 

Mr.  L.  D.  Huntoon, New  Haven,  Conn. 

Mrs.  L.  D.  Huntoon, New  Haven,  Conn. 

Mr.  E.  S.  Hutchinson, Newtown,  Pa. 

Mrs.  R  S.  Hutchinson, Newtown,  Pa. 

Mr.  D.  L.  Jemmett,     Cobalt,  Can. 

Mr.  M.  Jemmet, Cobalt,  Can. 

Mrs.  R.  Jennings, •  Cobalt,  Can. 

Mr.  I.  K  Jones, Cobalt,  Can. 

Mr.  T.  D.  Jones, Hazleton,  Pa. 

Mr.  W.  L.  Kann, Pittsburg,  Pa. 

Mr.  William  Kent, Syracuse,  N.  Y. 

Mr.  T.  N.  Kilpatrick, Sudbury,  Can. 

Mr.  Paul  S.  King, • New  York,  N.  Y. 

Mr.  P.  Kirkegaard, Deloro,  Ont 
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Mr.  H.  K  Kirkpatrick, Montreal,  Can. 

Mr.  C.  W.  Knight, Toronto,  Can. 

Mr.  J.  Kynoch, Toronto,  Can. 

Mr.  H.  Mortimer  Lamb, Montreal,  Can. 

Mr.  C.  H.  Lane, aeveland,  O. 

Mrs.  C.  H.  Lane, Cleveland,  O. 

Mrs.  C.  D.  Lane, Cleveland,  O. 

Major  Leckie, Cobalt,  Can. 

Capt.  Jack  Leckie, Cobalt,  Can. 

Mr.  G.  W.  Lee, North  Bay,  Can. 

Mr.  B.  W.  Leonard, St.  Catherines,  Ont 

Mr.  O.  E.  Leroy, Montreal,  Can. 

Mr.  W.  H.  Linney, Cobalt,  Can. 

Mr.  C.  R.  Linville, State  College,  Pa. 

Mrs.  S.  H.  Logan, Cobalt,  Can. 

Mr.  Alexander  Longwell, Cobalt,  Can. 

Mrs.  Alexander  Longwell, Cobalt,  Can. 

Mr.  Frank  Loring, Cobalt,  Can. 

Mr.  A.  P.  Low, Ottawa,  Can. 

Mr.  Charles  McCrea, Sudbury,  Can. 

Mr.  Charles  McCrery, Birmingham,  Ala. 

Major  McGree, Haileybury,  Ont. 

Mr.  John  McLeod, Sudbury,  Can. 

Mr.  Murdock  McLeod, •  Cobalt,  Can. 

Mr.  A.  J.  McMillan, Boesland,  B.  C. 

Dr.  William  McMurtrie, New  York,  N.  Y. 

Mr.  William  McVittie, Sudbury,  Can. 

Mrs.  H.  F.  Marsh, Cobalt,  Can. 

Mr.  John  Martin Cobalt,  Can. 

Mr.  R.  Martin, Sudbury,  Can. 

Mr.  H.  C.  Mather, New  York,  N.  Y. 

Mr.  E.  V.  Matlock, St.  Louis,  Mo. 

Mrs.  E.  V.  Matlock, St.  Louis.  Mo. 

Mr.  Willett  G.  Miller, Toronto,  Can. 

Mr.  J.  W.  MiUer, New  York,  N.  Y. 

Mr.  G,  R.  Mickle, Toronto,  Can. 

Mr.  J.  W.  Mitchell, Haileybury,  Can. 

Mrs.  J.  W.  Mitchell, Haileybury,  Can. 

Mr.  R.  S.  Mitchell, Sudbury,  Can. 

Mr.  W.  S.  Mitchell, Haileybury,  Can. 

Mra.  W.  8.  Mitchell Haileybury,  Can. 

Mr.  J.  H.  Morin,  • Sudbury,  Can. 

Mr.  W.  J.  Morrison, Toronto,  Can. 

Mr.  J.  C.  Murray Toronto,  Can. 

Mr.  C.  A.  C Council, Argenlite,  Can. 

Mayor  L.  O'Connor, Sudbury,  Can. 

Mr.  George  Ormrod,    .   .    .  • Allentown,  Pa. 

Mr.  J.  A.  Orr, Sudbury,  Can. 

Mr.  E.  W.  Parker, Washington,  D.  C. 

Mr.  R  L.  Peek, St.  Catherines,  Ont. 

Mr.  O.  F.  Pfordte, Rutherford,  N.  J. 

Mr.  S.  H.  Pitkin, Cleveland,  O, 
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Dr.  Fred.  J.  Pope, New  York,  N.  Y. 

Mr.  James  Purvis, Sudbury,  Can. 

Dr.  A.  R  Pyne, Toronto,  Can. 

Mrs.  A.  R.  Pyne, Toronto,  Can. 

Mr.  R  A.  Pyne, Toronto,  Can. 

Mrs.  R  A.  Pyne, Toronto,  Can. 

Mr.  August  Riht, New  York,  N.  Y. 

Mr.  J.  R  Rand, New  York,  N.  Y. 

Dr.  R  W.  Raymond, New  York,  N.  Y. 

Mm,  R  W.  Raymond, New  York,  N.  Y. 

Mr.  C.  R  Reid, Sudbury  Can. 

Mr.  Joseph  W.  Richards, South  Bethlehem,  Pa. 

Mr.  Charles  A.  Richardson, South  Bethlehem,  Pa. 

Mr.  D.  B.  Rochester, Cobalt,  Can. 

Mr.  Rosewame, London,  England. 

Mrs.  Rosewame, London,  England. 

Mr.  W.  E.  Running Cobalt,  Can. 

Mr.  D.  B.  Rushmore, Schenectady,  N.  Y. 

Mr.  W.  L.  Saunders, New  York,  N.  Y. 

Mr.  O.  N.  Scott, Toronto,  Can. 

Mr.  H.  J.  Seaman, Catasauqua,  Pa. 

Mrs.  H.  J.  Seaman, Catasauqua,  Pa. 

Mr.  H.  J.  Seaman,  Jr., Catasauqua,  Pa. 

Miss  Louisa  C.  Seaman, Catasauqua,  Pa. 

Mr.  E.  S.  Secord, Haileybury,  Can. 

Mr.  Seeley, Sudbury,  Can, 

Mr.  J.  M.  Sherrerd, Easton,  Pa. 

Mr.  G.  E.  Silvester, Copper  Cliff,  Can. 

Major  Smith, Sudbury,  Can. 

Mr.  C.  E.  Smith, Brockville,  Ont 

Mr.  C.  N.  wSmith, Sudbury,  Can. 

Mrs.  J.  Smith, Cobalt,  Can. 

Mr.  T.  Guilford  Smith, Buffalo,  N.  Y. 

Mr.  F.  E.  Smythe Toronto,  Can. 

Dr.  W.  O.  Snelling, Washington,  D.  C. 

Mr.  Morton  Stevens, Philadelphia,  Pa. 

Mrs.  Morton  Stevens, Philadelphia,  Pa. 

Mr.  D.  M.  Stevenson, Sharon,  Pa. 

Miss  Stevenson, Sharon,  Pa. 

Mr.  John  Stephenson,  Jr., Sharon,  Pa. 

Mr.  James  Stogie, Sudbury,  Can. 

Dr.  Joseph  Struthers, New  York,  N.  Y. 

Mr.  W.  T.  Stuart, Toronto,  Can. 

Mrs.  W.  T.  Stuart Toronto,  Can. 

Mr.  W.  W.  Stull, Sudbury,  Can. 

Mr.  Alan  Sullivan, Toronto,  Can. 

Mr.  J.  F.  Templeton, Sudbury,  Can. 

Mr.  Edwin  Thomas, Catasauqua,  Pa. 

Mrs.  Edwin  Thomas, Catasauqua,  Pa. 

Miss  Ruth  Thomas, Catasauqua,  Pa. 

Mr.  E.  Touceda Albany,  N.  Y. 

Mr.  A.  P.  Turner, Copper  Cliff,  Can. 
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Mr.  J.  B.  Tyrrell, Toronto,  Can. 

Mr.  John  F.  B.  Vandeleur, Toronto,  Can. 

Mr.  J.  H.  Warner, Haileybury,  Can. 

Mr.  A.  Weir, London,  Ont. 

Mr.  J.  R  Wells, Toronto,  Can. 

Mr.  F.  Whittaker, Allentown,  Pa. 

Mr.  W.  F.  Wilkinson, London,  England. 

Mr.  H.  J.  Carnegie  Williams, Bruce  Mines,  Ont. 

Mr.  A.  R.  Willis, • Toronto,  Can. 

Mrs.  C.  M.  Willock,  * Defiance,  O. 

Mr.  H.  V.  Winchell, St.  Paul,  Minn. 

Mrs.  H.  V.  Winchell, St  Panl,  Minn. 

Mr.  J.  E.  Wright, Sndbury,  Can. 

The  Toronto  Reception. 

On  Tuesday  evening,  July  23,  a  reception  was  held  in  the 
Legislative  Chamber  of  the  Parliament  Buildings.  His  Lord- 
ship, Chief  Justice  Moss,  Administrator  of  the  Government, 
with  Mrs.  Moss  and  suite,  received  the  guests,  who  numbered 
about  300. 

Hon.  Prank  Cochrane,  Provincial  Minister  of  Mines,  Lands 
and  Forests,  welcomed  the  visitors  in  a  brief  speech,  referring 
to  the  benefit  conferred  upon  Canada  by  such  a  gathering  as 
that  of  the  Institute,  and  then  called  in  turn  upon  the  speakers 
of  the  evening. 

Chief  Justice  Moss  :  We  in  this  Province  are,  perhaps,  not 
yet  able  to  boast  that  we  fully  rival  the  universities  and  tech- 
nical schools  in  some  of  the  neighboring  States,  as  regards 
the  teaching  of  the  science  of  mining  engineering ;  but  I  be- 
lieve we  are,  at  all  events,  alive  to  the  interest,  importance  and 
necessity  of  such  instruction.  In  the  Faculty  of  Applied 
Science  and  Engineering  in  the  University  of  Toronto,  and 
also  in  the  School  of  Mining  in  connection  with  Queen's  Uni- 
versity at  Kingston,  we  are  training  men  in  this  art  and  science, 
with  encouraging  results.  To  both  students  and  teachers  in 
that  department,  this  visit  of  members  of  the  American  Insti- 
tute of  Mining  Engineers  must  be  an  inspiration  and  a  les- 
son, as  it  will  likewise  be  to  all  who  are  interested  in  the  prog- 
ress and  the  solid  prosperity  of  this  country. 


^ 


Hon.  J.  J.  FoY,  Attorney-General :  In  welcoming  our  visi- 
tors, I  regret  the  absence  in  England  of  the  Premier  of  the 
Province,  Hon.  Mr.  Whitney.    I  feel  confident  that  even  the 
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well-Btored  minds  of  our  visitors  will  receive  accretions  of 
knowledge  from  their  inspection  of  Ontario  mines.  The  Govern- 
ment is  proud  of  the  mineral  resources  of  the  Province,  and 
only  anxious  that  experts  should  examine  closely  into  those  re- 
sources with  a  critical  eye.  We  ask  for  no  undue  or  unde- 
served laudation  of  our  country ;  we  only  ask  that  you  should 
see  it  carefully  and  well,  and  we  do  not  doubt  that  the  result 
will  be  advantageous  to  the  country  and  the  world.  Our  con- 
viction that  you  will  have  a  pleasant  time  is  made  perfectly 
sure  by  the  fact  that  Hon.  Frank  Cochrane  will  accompany 
the  visitors  through  New  Ontario.  You  could  not  have  a 
better  cicerone. 

John  Hays  Hammond,  President  of  the  Council  of  the  In- 
stitute: Mr.  Chairman,  Your  Honor,  Canadian  confreres. 
Ladies  and  Gentlemen :  It  is  my  very  agreeable  office  to  ac- 
knowledge, on  behalf  of  the  visiting  members  of  the  Institute, 
as  well  as  for  myself,  our  appreciation  of  your  very  cordial 
hospitality,  and  to  express  our  recognition  of  the  great  work 
done  in  the  development  of  the  mining  resources  of  America, 
and  in  the  uplifting  of  the  mining  profession  itself,  by  our 
Canadian  confreres,  of  whom  we  hold  in  high  esteem  and 
friendship  those  whom  it  has  been  our  good  fortune  to  meet. 
His  Honor,  the  Acting  Lieutenant-Governor,  in  speaking  of 
the  Canadian  technical  schools  and  especially  the  mining 
schools,  was,  I  think,  altogether  too  modest  in  his  estimate.  I 
have  had  exceptional  opportunities  to  "  size  up  "  the  mining 
engineers  of  many  parts  of  the  world ;  and  I  can  say  in  all  sin- 
cerity that  the  result  of  my  experience  and  observation  has  led 
me  to  regard  the  Canadian  mining  engineers,  graduates  of  the 
Canadian  mining  schools,  as  the  peers  of  those  of  any  other 
country.  In  Canada,  as  everywhere  else,  the  engineer  is  the 
real  pioneer  of  civilization.  Canada  is  greatly  indebted  to  her 
engineers,  not  only  for  the  development  of  a  great  mining  in- 
dustry, but  for  the  schools  and  colleges  that  have  contributed 
to  the  establishment  of  other  very  important  industries;  indus- 
tries, ^indeed,  upon  which  the  prosperity  of  the  country  in  a 
large  measure  depends.  In  mining,  perhaps,  more  than  in  any 
other  profession,  there  is,  as  Dr.  Raymond  said  to-day,  a  spirit 
of  fraternal  enthusiasm.     Certain  it  is  that  there  is  little  of 
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that  rivalry  that  tends  to  petty  jealousies  and  estrangement 
between  peoples  of  different  nationalities.  Emulation  among 
engineers  aims  at  the  advancement  of  science ;  and  in  the  do- 
main of  science  there  are  no  international  boundaries,  no 
racial  antipathies.  It  is  for  this  reason  that  I  believe  repre- 
sentative bodies  of  mining  engineers  are  exceptionally  well 
qualified  to  promote  international  amity ;  and  while  it  is  not 
my  province  to  discuss  international  or  any  other  politics,  never- 
theless I  regard  this  as  an  opportune  occasion  to  say  a  few 
words  as  to  the  reciprocal  relations  and  duties  of  Canadians 
and  Americans.  Allied  in  blood,  possessing  a  common  heri- 
tage of  literature  and  law,  enjoying  the  same  principles  of  self- 
government,  striving  for  the  same  ideal  of  humanity  and  lib- 
erty in  their  national  aspirations  and  policies,  imbued  with  the 
same  sense  of  right  and  wrong,  these  peoples  of  the  Anglo- 
Saxon  family  are  tied  together  by  indissoluble  bonds — ^bonds 
that  no  tension  of  commercial  competition,  no  agitation  of 
political  demagogues,  can  in  any  wise  sunder.  At  times,  tem- 
porary differences,  conflicting  issues  incident  to  the  determinar 
tion  of  disputed  rights,  will  inevitably  arise,  and  temporary 
misunderstandings  will  unfortunately  be  provoked;  but  these 
are  mere  transitory  details  in  the  broad  scheme  of  the  interfu- 
sion of  our  two  peoples,  whose  solidarity  of  interest  will  always 
remain  unimpaired  and  indisputable.  It  is  no  post-prandial 
platitude,  but  a  most  important  postulate,  that  upon  the  co-op- 
eration of  the  members  of  the  Anglo-Saxon  family  depends 
Anglo-Saxon  supremacy.  Therefore,  it  is  our  bounden  duty, 
no  less  than  our  imperial  interest,  to  discredit,  if  we  cannot 
prevent,  the  agitation  of  the  political  demagogue  or  the  sensa- 
tional press  on  either  side  of  the  line.  We  Americans  con- 
gratulate you  of  Canada  upon  the  wonderful  development  of 
your  illimitable  resources.  We  see  within  your  borders  a  vast 
industrial  domain,  and  we  desire  to  co-operate  with  you  in 
your  new  field  of  activity,  feeling  assured  that  you  will  receive 
our  services  and  our  financial  assistance  in  the  same  broad 
spirit  of  liberality  that  has  characterized  the  policy  of  the 
United  States  in  the  development  of  its  own  resources. 

Now  a  few  words  as  to  the  mining  industry.  Through  the 
investments  of  their  citizens,  Great  Britain  and  the  United 
States  dominate  the  mining  industry  of  the  greater  part  of  the 
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world,  controlling  as  they  do  the  chief  fields  of  coal,  iron,  cop- 
per, lead,  gold,  silver  and  many  other  metals.  If  we  engineers 
faithfully  discharge  our  duties,  safeguarding  these  investors, 
we  shall  not  only  increase  the  ascendency  of  our  countries  in 
this  regard,  but  also  establish  the  mining  industry  and  the 
mining  profession  upon  a  yet  broader  and  more  enduring  basis. 
By  conservatism,  by  honesty  of  purpose,  by  intelligence  and 
technical  skill,  we  shall  make  the  mining  field  attractive  to  the 
capitalist,  who  even  now  is  still  somewhat  inclined  to  regard 
mining  rather  in  the  light  of  a  speculative  venture  than  as  the 
legitimate  investment  it  should  become.  One  result  of  the 
recent  "  boom  "  period  has  been  the  flotation  of  a  great  many 
worthless  properties.  To  the  credit  of  our  reputable  engi- 
neers be  it  said,  that  they  were  no  parties  to  such  nefarious 
transactions;  nevertheless,  the  mining  profession  and  the 
engineers  have  suffered  in  consequence.  We  should,  there- 
fore, sedulously  endeavor  to  prevent  the  flotation  of  worthless 
mining  properties  by  over-capitalized  companies,  and  the  undue 
"  booming  "  of  districts ;  for  these  things  inevitably  tend,  not 
only  to  the  irreparable  injury  of  the  districts  concerned,  but 
(what  is  a  much  more  profound  and  far-reaching  consequence) 
to  the  detriment  of  the  mining  industry  and  of  the  mining  pro- 
fession. In  our  efforts  to  discourage  transactions  of  this  kind, 
and  to  serve  the  permanent  good  of  the  mining  industry  gen- 
erally, I  ask  the  co-operation  of  the  mining  engineers  of 
Canada,  and  I  am  sure  that  I  ask  not  in  vain. 

Dr.  Rossiter  W.  Raymond,  Secretary  of  the  Institute :  This 
is  the  ninety-third  meeting  of  our  Institute,  not  counting 
special  business  meetings.  At  ninety  of  these  I  have  been 
present,  and  have  made  this  speech  ! 

Do  not  infer  that  the  Institute  is  ninety-three  years  old.  In 
that  case,  though  I  should  myself  have  the  ripe  age  of  one 
hundred  and  twenty-four,  I  might  at  least  presume  that  I  was 
addressing  a  wholly  new  audience.  But  no ;  these  ninety-three 
meetings  have  been  comprised  in  thirty-six  years ;  and,  though 
the  memories  of  many  dear  comrades  departed  hover  about  me 
as  I  speak,  yet  I  look  into  many  a  face,  crowned  now  with 
white  hair  (or  none  at  all !)  which  has  kindly  smiled  upon  me 
from  the  beginning.    And  you  have  no  idea  how  thoroughly  a 
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friendly  audience  can  be  drilled  to  hear  old  sentiments,  and  re- 
ceive them  with  the  affectation  of  fresh  satisfaction ! 

There  is  a  curious  current  error  concerning  the  American  In- 
stitute of  Mining  Engineers.  People  seem  to  think  it  is  an 
ancient  organism,  like  a  majestic  Saurian,  which  gets  up  peri- 
odically and  travels  to  some  new  locality.  On  the  contrary,  the 
American  Institute  of  Mining  Engineers  is  everywhere,  always. 
Our  members  are  all  over  the  world.  We  don't  travel  any- 
whither.  We  never  had  a  place  to  start  from,  until  Andrew 
Carnegie,  one  of  our  members,  built  us  one.  We  have  always 
been  an  omnipresent,  pervasive  atmosphere. 

In  the  old  days,  before  some  of  the  men  in  our  Institute  re- 
volutionized the  art  of  making  iron  and  steel,  there  used  to  be 
a  good  deal  of  iron  made  by  puddling.  The  puddling-furnace 
is  supposed  to  be  (though  it  really  is  not  yet)  a  back-number; 
but  many  of  you  remember  what  happens  in  puddling  when 
pure  iron  begins  to  be  formed,  and  all  over  the  surface  of  the 
bath  in  the  puddling-furnace  appear  little  coagulations.  A 
child  would  say  the  molten  iron  "  cruddled."  The  workmen 
said  it  "  came  to  nature."  Now,  a  meeting  of  the  American 
Institute  of  Mining  Engineers  is  this  all-pervading  bath  coagu- 
lating, or  "coming  to  nature,"  in  one  particular  spot.  Our 
Canadian  members  who  reside  here  and  in  this  vicinity  are 
simply  the  nucleus  around  which  we  "cruddle."  And  this 
thickening  of  our  presence  at  one  place  is  not  by  any  means  to 
be  considered  as  a  migration.  When  we  go — I  won't  say  home 
— but  when  we  dissipate  and  go  everywhither  again,  we  shall 
not  have  left  this  place ;  we  shall  leave  notable  representatives 
here ;  we  shall  leave  here  new  friends,  destined,  please  God !  to 
become  old  friends ;  and  we  shall  still  continue  to  be  the  circum- 
ambient environment  of  the  material  progress  of  this  continent ! 

I  must  confess,  after  nearly  a  half-century  of  active  professional 
life,  that  there  are  days  when  a  man  gets  discouraged  in  the  pur- 
suit of  truth.  There  is  so  much  which  we  gray-heads  learned  in 
school  that  is  not  true  any  more ; — volumes  about  the  metallurgy 
of  the  past  that  have  now  nothing  but  a  fanciful  historic  value  ! 
And  we  faint  when  we  see  the  sums  which  the  young  men 
are  doing,  the  graphic  diagrams  which  they  are  drawing, 
the  atoms,  molecules,  ions  and  electrons  which  disport  around 
their  fresh  young  heads;   so  that,  once  in   a  while,  an  old 
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fellow  like  me  begins  to  feel  as  if  knowledge  was  too  much  for 
him.  Let  him  then  come  to  a  meeting  of  the  American  Insti- 
tute of  Mining  Engineers,  like  this,  and  get  the  acting  Premier 
or  the  Judge  or  the  Attorney-General,  or  some  distinguished 
and  absolutely  competent  critic  to  tell  him  how  much  he  knows, 
to  tell  him  that  he  really  is  very  distinguished,  that  they  are  so 
glad  to  have  him  come,  because  they  think  he  will  actually 
fructify  the  Province  by  the  overflow  of  his  great  learning. 
Why,  it  sends  a  fellow  home  encouraged  for  another  six  monthsl 
I  can  assure  you,  Mr.  Chairman,  your  flattery  is  not  ill-be- 
stowed, and  I  trust  you  will  continue  in  that  sweet  hallucina- 
tion after  we  are  gone !  We  don't  know  as  much  as  you  think, 
but  we  wish  we  did ! 

This  brings  up  again  the  very  old,  old  trouble  that  I  always 
have  had  in  making  this  speech — a  trouble  peculiar  to  myself. 
Hammond  knows  how  to  do  it;  but  then,  he  has  not  had  to  do 
it  often !  And  the  real  thing  that  will  commence  to  embarrass 
him  by  and  by  will  be  the  conciousness  that  when  he  addresses 
the  Institute  of  Mining  Engineers  he  is  talking  to  himself! 
There  is  something  which  used  to  be  called,  when  I  was  a 
student  in  Germany  of  the  Hegelian  philosophy,  the  "  subjec- 
tive-objective." Heine,  in  his  burlesque  History  of  Philosophy^ 
has  propounded  a  definition  of  it,  which  runs  somewhat  as 
follows :  "  The  subjective-objective  is  as  when  a  monkey  boils 
his  own  tail,  and  is  at  one  and  the  same  moment  objectively 
percipient  of  the  process  of  boiling,  and  subjectively  conscious 
of  it !  "  That  is  the  double  consciousness  which  paralyzes  the 
jaw  of  the  most  eloquent  orator,  because  he  cannot  separate 
himself  subjectively  from  the  objective  Institute  in  whose  glory 
he  so  firmly  believes.  But  Hegel's  philosophy  no  longer 
dominates  the  world;  and,  at  all  events,  the  terrors  of  the 
"subjective-objective  "  have  always  been  defied,  as  I  defy  them, 
here  and  now,  by  the  strength  of  good,  honest,  frank,  old- 
fashioned  self-conceit. 

We  have  been  told  over  and  over  again — every  new  friend 
tells  us  in  a  new  way — why  we  are  so  great;  and  why  we  are 
so  successful ;  and  why  we  are  so  numerous ;  and  why  we  are 
so  welcome ;  and  everybody  misses  the  one  fact  which  it  re- 
mains for  me  modestly  to  proclaim.  The  real  reason  is  that 
we  are  the  very  finest  folks  that  ever  were— the  most  congenial 
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friends ;  the  best  travelers  (ladies  and  gentlemen  alike) ;  the 
most  ardently  harmonious  brethren.  We  go  nowhere  that  we 
do  not  leave,  like  Watt's  saints  (but  not  like  an  automobile !), 
"  a  long  perfume  behind,"  of  our  good- will  and  our  good  deeds. 
Oh,  we  are  very  fine  people  !  There  is  no  use  in  mincing  these 
matters ;  let  us  be  frank  for  once !  And  that  is  the  reason 
why,  wherever  we  go,  they  tell  us  when  we  first  come  that 
they  hope  we  will  come  again  ! 

I  have  spoken  a  good  many  times  on  Canadian  soil.  Some 
of  you  remember  that  in  Vancouver,  two  years  ago,  I  paid  a 
hearty  tribute  to  the  achievements  of  Canadian  engineers ;  and 
some  may  recall  my  address  on  the  same  subject,  made  in  1889, 
at  Ottawa,  in  the  presence  of  that  great  man — great  man,  I  say, 
whatever  party  judges  him ! — Sir  John  Macdonald.  I  could 
only  repeat  to-night  what  I  have  said  before,  but  with  added 
emphasis.  Years  ago,  I  supposed  that  the  conquest  of  this  con- 
tinent had  been  completed.  I  remember  being  very  eloquent, 
somewhere  or  other,  about  the  way  in  which  the  American 
mining  engineer  went  on  into  the  wilderness ;  and  how  Nature, 
which  had  lain  for  thousands  of  years  in  sleep  and  solitude  and 
silence,  like  the  Beauty  in  the  fairy  tale,  woke  at  his  coming, 
and  rose,  and  smiled  and  gave  herself  to  him,  with  all  the  glory 
of  her  beauty,  and  all  the  bounty  of  her  treasure.  Oh,  I  was 
very  eloquent  about  that !  I  thought  it  had  all  been  done ;  and 
that  we  had  done  it — ^we  Americans;  and  I  told  the  young  men 
of  my  generation  that  they  might  yet  achieve  great  things,  but 
not  so  great  as  the  achievement  of  their  fathers;  that  they 
miight  live  to  see  wonderfiil  epochs  in  human  history,  but  there 
would  be  no  future  age  like  that,  because  there  were  no  more 
worlds  to  conquer.  The  "  winning  of  the  West "  I  thought  we 
had  completed.  But  lo !  here  was  another  empire  in  the  North ; 
and  that  world,  too,  our  tall  Canadian  brethren  are  conquer- 
ing. All  hail  to  them !  May  they  do  better  than  we  have 
done !  But  let  them  never  forget  that  we  and  they  follow  a 
common  purpose  and  share  a  common  glory ! 

Dr.  Jambs  Douglas,  Past-President  of  the  Institute:  Dr. 
Douglas  spoke  of  the  cordial  relations  which  he  had  found 
always  existing  between  citizens  of  Canada  and  of  the  United 
States.     He  had  left  Canada  thirty  years  ago,  but  always  re- 
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turned  to  Canada  a  Canadian — not  because  he  had  not  been 
well  treated  in  the  United  States,  He  had  been  generously 
treated  there,  as  every  one  who  moved  to  the  United  States  is 
treated.  He  told  of  having  made  an  analysis  in  Canada,  over 
thirty  years  ago,  for  which  he  was  paid  the  magnificent  sum  of 
$15 ;  and  the  grudging  way  in  which  even  that  fee  had  been  paid 
had  been  one  of  the  considerations  which  induced  him  to  emigrate 
to  the  United  States,  hoping  to  find  there  a  higher  appreciation 
of  scientific  work.  Of  course,  things  were  very  much  improved 
now  in  Canada.  Probably  the  largest  undeveloped  section  of 
the  mineral  lands  of  the  world,  if  we  leave  Siberia  out  of  the 
account,  is  in  Canada;  and  therefore,  from  a  mining  and 
metallurgical  point  of  view,  Canada  has  an  immense  ftiture 
before  it. 

Robert  W.  Hunt,  Past-President  of  the  Council  of  the  In- 
stitute, speaking  from  one  of  the  desks  allotted  to  members  of 
the  Provincial  legislature,  humorously  assumed  the  position  of 
a  new  and  dazzling  political  dignity,  but,  soon  adopting  a  more 
serious  tone,  recalled,  in  connection  with  the  magnificent  re- 
ception given  to  the  Institute  in  Toronto,  the  similar  occa- 
sions of  former  years,  when  even  on  the  very  verge  of  the 
Arctic  Circle,  its  visiting  members  had  received  from  resident 
members,  and  from  government  and  citizens,  a  hearty  wel- 
come. He  said  that  the  people  of  Canada  had  a  right  to  be 
proud  of  the  revelation,  during  the  last  few  years,  in  their 
magnificent  Dominion,  of  riches  previously  unknown  and  un- 
dreamt. It  had  been  his  privilege,  a  year  ago,  as  President  of 
the  Council  of  the  InstitutjB,  to  declare  in  the  historic  Guild- 
hall of  London  that,  of  all  the  bright  gems  in  the  Imperial 
crown  of  Great  Britain,  none  shone  with  so  dazzling  a  luster 
as  the  Dominion  of  Canada.  And  this  was  especially  true  of 
the  Province  of  Ontario,  the  agricultural  and  mineral  resources 
of  which  were  now  astonishing  the  world.  He  thought  the 
development  of  these  resources  by  means  of  new  railroads  was 
one  of  the  most  remarkable  episodes  in  human  history,  and 
called  attention  to  the  fact  that,  in  the  case  of  the  most  north- 
ern and  most  recent  Canadian  transcontinental  line,  the  busi- 
ness already  awaiting  the  railroad,  or  instantly  created  by  its 
advent,  was  sufficient  to  pay  its  fixed  charges — a  phenomenon 
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which  he  regarded  as  unparalleled  in  the  development  of  new 
re^ons  by  railroads.  In  conclusion,  he  said :  "  Canadians 
have  a  right  to  be  both  frankly  proud  and  loyally  patriotic. 
They  do  not  need  to  be  absorbed  by  anybody  else.  Canada  is 
great  enough,  and  strong  enough,  to  be,  as  she  is  to-day,  an 
Empire  by  herself! " 

Prop.  William  P.  Blake,  of  Tucson,  Ariz.,  one  of  the  oldest 
members,  and  a  past  Vice-President  of  the  Institute,  was  re- 
ceived with  applause,  and  remarked  that  he  must  have  been 
called  upon  because  of  his  antiquity.  His  memory  carried 
him  back  to  the«  days  of  Sir  William  Logan,  of  Dr.  Sterry 
Hunt  and  their  associates,  who  worked  upon  the  Canadian  sur- 
vey in  1852,  when  the  great  product  of  Canada  seemed  to  be 
phosphate  of  lime.  Later  came  asbestos  and  some  other  prod- 
ucts, and  the  list  had  been  largely  increased.  The  mining 
engineers  of  the  world  are  greatly  indebted  to  Canada  for  the 
work  done  in  geological  exploration,  and  for  additions  to  the 
literature  of  economic  geology.  He  referred  to  Alfred  C. 
Selwyn,  who  had  succeeded  Logan,  and  to  Principal  Dawson 
and  his  classic  works  upon  geology.  All  these  men  and  others, 
the  list  of  whom  might  be  greatly  extended,  had  left  a  lasting 
impression  upon  geologic  science,  and  had  contributed  largely 
to  our  knowledge  of  the  structure  and  treasures  of  the  earth. 
The  work  of  economic  geologists  must  rest  upon  the  broad 
foundation  of  general  geology ;  those  foundations  they  laid  for 
us,  broad  and  deep,  upon  the  rocks  of  Canada,  the  ancient 
rocks  which  cluster  around  Hudson's  Bay.  No  mining  engi- 
neer can  travel  and  do  his  work  without  recognizing  the 
achievements  of  the  Canadian  geologists. 

After  the  foregoing  addresses,  refreshments  were  served  in 
the  Speaker's  chambers.  Music  was  furnished  by  the  band  of 
the  48th  Highlanders,  and  social  festivity  continued  to  a  late 

hour. 

The  Excursion. 

At  8  o'clock  on  the  evening  of  Wednesday,  July  24,  a 
large  party  of  members  and  friends  of  the  Institute,  including 
many  ladies,  left  Toronto,  as  guests  of  the  Provincial  Govern- 
ment, for  a  week's  excursion  in  northern  Ontario,  upon  a  spe- 
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cial  train,  consisting  of  ten  Pullman  and  two  dining  cars, 
provided  by  the  Government,  and  hauled  free  of  charge  by  the 
railroad  companies  over  whose  lines  it  passed — namely,  the 
Canadian  Pacific,  Grand  Trunk,  Canadian  Northern,  Temis- 
caming  &  Northern  Ontario,  and  Manitoulin  &  North  Shore. 
Similar  courtesies  were  extended  by  the  Temiscaming  Naviga- 
tion Co.  and  the  O'Connor  Steamboat  Co. 

Hon.  Frank  Cochrane,  Minister  of  Mines,  Lands  and  Forests, 
conducted  the  party,  and  was  assisted  by  Hon.  Dr.  Pyne,  Min- 
ister of  Education. 

The  Cobalt  District 

On  arrival  at  Cobalt  Thursday  morning*  the  visitors  were 
met  by  the  following  committee :  A.  A.  Cole,  representing  T. 
&  N.  O.  Ry. ;  R.  W.  Leonard  and  D.  B.  Rochester,  from  the 
Cobalt  Chamber  of  Mines ;  Messrs.  Running  and  Martin,  from 
the  Cobalt  City  Council ;  Messrs.  McLeod  and  Ferland,  from 
the  Township  Council  of  Coleman ;  and  Messrs.  Charles  O'Con- 
nell,  W.  R.  Askwith,  J.  W.  Evans,  R.  A.  Bryce,  J.  Edwards 
Leckie  and  W.  H.  Linney,  Special  Committee  to  look  after 
the  visitors. 

This  day  and  the  day  following  were  spent  in  visiting  vari- 
ous mines  at  Cobalt,  the  party  being  divided  into  sections,  and 
each  section  visiting  four  or  five  separate  mines.  Camp-dinners 
were  served  at  the  Coniagas,  La  Rose,  Cobalt  Lake,  Nipissing 
and  Cobalt  Central  mines. 

The  ladies  of  the  party  were  charmingly  entertained  at  the 
Cobalt  Club  by  the  Local  Ladies'  Reception  Committee. 

Very  quaint  and  beautiful  souvenir  pins,  made  of  leaves  of 
native  silver  from  the  Trethewy  mine,  were  distributed  to  the 
visitors. 

The  following  sketch  of  the  Cobalt  district  is  condensed  from 
the  pamphlet  programme  of.  the  Toronto  Local  Committee, 
prepared  by  Prof.  W.  G.  Miller : 

The  veins  of  this  area  were  discoyered  late  in  the  sammer  of  1903.  A  year 
later,  the  Temiskaming  &  Northern  Ontario  raUway  was  completed  to  Cohalt 
station,  330  miles  north  of  Toronto.  In  1905,  the  district  produced  2,473,452  os. 
of  silver,  valued  at  $1,372,577 ;  in  1906,  the  product  was  5,357,830  oz.,  valued  at 
$3,543,089. 

The  veins  occupy  numerous  small  fissures  (averaging  probably  4  in.  in  width) 
and  are  very  rich  in  silver,  which  occurs  in  native  form,  in  true  silver-ores,  such 
as  argentite,  dyscrasite  and  pyrargyrite,   and  in  argentiferous  ores  of  other 
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metals,  such  as  niccolite,  smaltite,  cobaltite,  tetrahedrite,  etc.  To  give  an  idea 
of  the  richness  of  some  of  the  veins,  it  is  said  that  on  one  vein  not  more  than  6 
in.  wide,  an  open  cat  30  ft.  deep  and  50  ft.  long  yielded  $200,000.  Single  car- 
loads of  30  tons  have  yielded  more  than  |100,000.  On  the  other  hand,  it  has 
been  estimated  that  in  open  cats  and  sarface-workings,  the  winning  of  the  ore 
costs  about  $100  per  ton. 

Most  of  the  veins  occur  in  the  Lower  Huronian  conglomerate  and  graywacke 
slate.  A  few  are  found  in  the  still  older  Keewatin,  and  a  few  in  the  younger 
diabase. 

The  peculiar  paragenesis  of  the  Cobalt  vein-minerals  is  said  not  to  occur  else- 
where in  America.  Joachimsthal  in  Bohemia  and  Chalanches  in  France  are 
cited  as  foreign  examples. 

The  rocks  in  which  these  veins  occur  are  geologically  very  ancient,  the  Keewatin 
igneous  complex  being  so  much  older  than  the  Laurentian  that  its  rocks  had  been 
folded  before  the  Laurentian  rocks  appeared.  After  that,  there  was  a  long  period 
of  erosion,  deeply  carving  the  surface  ;  and  lying  upon  this  irregular  surface  are 
found  the  conglomerates,  slates  and  quartzites  of  the  Lower  Huronian,  in  the 
fissures  and  interstices  of  which  the  Ck>balt  ores  are  chiefly  found.  After  still 
further  erosion,  the  Middle  Huronian  conglomerates  and  quartzites  were  deposited 
unconformably.  Then  there  were  intrusions  of  diabase  and  gabbro,  the  exact 
periods  of  which  have  not  been  determined ;  and  finally,  prolonged  erosion  laid 
bare  at  different  places  each  of  the  formations  named.  It  is  believed  that  the 
eruptive  diabase  and  gabbro  both  shattered  and  mineralized  the  rocks  which  they 
penetrated  or  overflowed.  They  show  at  present  none  of  the  characteristics  (such 
as  vesicular  or  amygdaloidal  structure)  of  surface-flows,  and  are  usually  regarded 
as  having  formed  laccolites  or  sills  between  the  pre-existing  strata.  Since  they 
penetrated  the  Middle,  as  well  as  the  Lower,  Huronian,  there  is,  in  Prof.  Miller's 
opinion,  no  reason  why  the  former  should  not  be  found,  upon  further  exploration, 
to  contain  ore-deposits.  The  only  Suggestion  to  the  contrary  is  furnished  by  the 
inquiry  whether  the  conglomerates  and  quartzites  of  the  second  stage  of  the 
Huronian  were  as  greatly  fractured  as  their  predecessors  by  the  disturbances  of 
the  diabase  eruptions.     This  question  can  only  be  settled  by  actual  exploration. 

New  Liskeard. 
On  the  arrival  of  the  train  at  New  Liskeard,  at  8  p.m., 
Thursday,  July  25,  a  deputation  from  the  town  was  in  wait- 
ing at  the  railway-station,  headed  by  Hon.  William  J.  Blair, 
the  Mayor,  who  delivered  an  eloquent  address  of  welcome. 
The  deputation  and  their  guests,  in  a  festive  procession  of  gaily 
decorated  carriages,  headed  by  a  band,  and  accompanied  by 
throngs  of  citizens  on  foot,  then  passed  through  the  illuminated 
streets  of  the  town,  and  under  triumphal  arches  of  welcome,  to 
the  steamer  Meteor^  upon  which  the  evening  was  spent  in  a 
delightful  moonlight  excursion  over  the  silver  waves  and 
along  the  shadowy  shores  of  Lake  Temiskaming.  Refreshments 
were  served  on  the  trip ;  and  speeches  were  made  by  Minister 
Cochrane,  the  Mayor,  Secretary  Raymond  and  Prof.  L.  D. 
Huntoon. 
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Hdleybury, 
The  night  was  comfortably  spent  on  board  the  special  train, 
which  returned  Friday  morning  to  Cobalt,  for  further  visits 
among  the  mines,  and  at  4  p.m.  proceeded  to  Haileybury, 
where  the  Meteor  was  again  in  waiting,  to  convey  the  party 
by  daylight  over  the  lovely  lake  which  had  been  traversed  by 
moonlight,  the  night  before. 

An  intended  visit  to  the  (argentiferous  galena)  Wright  mine,  on  the  east  shore, 
about  9  miles  from  Cobalt,  was  given  up,  on  account  of  a  strong  unfavorable  wind. 
This  deposit  is  doubly  interesting :  first,  because  it  is  so  unlike  those  of  the  neigh- 
boring Cobalt  district ;  and,  secondly,  because  it  is  one  of  the  most  ancient,  if  not 
the  most  ancient  of  Canadian  mines.  A  map  published  in  1744,  an  engraving  of 
which  was  given  in  the  Local  Programme  of  the  Toronto  meeting,  shows  that  the 
locality,  then  called  Ance  d  Ui  Mine,  was  already  known  as  a  mine,  and  must  have 
been  known  for  some  time  before. 

This  lake-trip,  like  the  one  of  Thursday  night,  went  as  far  as  ''Devil's  Bock," 
a  precipitous  headland,  in  the  face  of  which  mining  operations  have  been  carried 
on,  as  is  shown  by  the  mouths  of  adits  high  above  the  water.  It  is  said  that  in 
the  winter  the  miners  made  their  camp  on  the  thick  ice  below,  and  climbed  np 
to  their  work,  while  in  summer  they  were  lowered  to  it  by  ropes  from  the  plateau 
above.  The  strange  absence  of  all  waste  dumps,  such  as  generally  appear  at  the 
mouths  of  mining  adits,  is  explained  by  the  circumstance  that  the  miners  have 
dumped  all  their  waste  into  the  lake,  which  is  200  ft.  deep  at  the  foot  of  the  cliff. 

Dinner  was  served  on  board  the  Meteor  to  those  who  took 
the  water-trip,  and  at  the  Haileybury  Club  to  those  who  elected 
to  rest  on  land.  In  the  evening  an  informal  "  smoker  "  was 
held  at  the  Club,  Hon.  Dr.  Pyne,  Minister  of  Education,  pre- 
siding; and  a  "volunteer"  programme  of  surprising  variety 
and  excellence,  comprising  recitations,  songs  and  speeches  from 
hosts  and  guests  alike,  was  given  with  great  eclat. 

[Secretary's  Note. — On  such  occasions,  when  no  one  hesitates  or  refuses  to 
make  his  contribution  to  tlie  general  entertainment,  every  one  has  the  right  to  feel 
that  he  may  thus  unbend  and  rejuvenate,  without  being  pictured  in  that  attitude 
for  permanent  reference.  It  has,  therefore,  been  for  many  years  the  unwritten 
law  of  the  Institute  that  the  speeches  and  proceedings  of  its  banquets  shall  not 
be  reported  in  the  TraiMactums,  Especially  on  this  occasion,  it  would  be  unfair 
to  print  as  deliberate  professional  opinions  the  remarks  made  by  sundry  members 
of  the  Institute  concerning  the  mineral  riches  of  the  Cobalt  district  and  the  rap- 
idly developing  wealth  of  forests  and  farms  to  the  north  and  west  of  it  On  tlie 
other  hand,  it  would  be  unfair  not  to  hint,  at  least,  the  nature  of  their  utter- 
ances; and  in  these  days  of  terror,  nobody  would  willingly  be  "unfair!"  Con- 
sequently, I  take  the  liberty  of  saying  that  all  the  members  of  the  Institute  who 
spoke  that  night  upon  that  theme  emphasized  the  surprise  and  admiration  with 
which  they  had  inspected  the  Cobalt  mines,  and  their  confident  expectation  of  the 
favorable  future  development  of  this  uniquely  rich  field. — R.  W.  R.] 
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Lake  Tema^ami. 

On  Saturday,  July  27,  the  special  train  left  Haileybury  for 
Temagami,  about  86  miles  to  the  south.  Near  the  Teinagami 
station,  the  large  outcrop  of  a  deposit  of  iron-ore,  not  yet  de- 
veloped, was  inspected  with  interest.  In  the  afternoon,  the 
steamer  BeUe  of  Temagami^  of  the  O'Connor  Steamboat  Co., 
conveyed  the  party  through  the  lovely  archipelago,  or  chain  of 
lakes  and  islands,  a  part  of  which  is  known  as  Lake  Temagami. 
Some  of  them  spent  the  night  at  the  Temagami  Inn,  a  pictur- 
esque rustic  hotel,  built  of  logs,  on  an  island  about  12  miles 
from  the  railway-station ;  the  majority  continued  to  Lady  Eve- 
lyn lake,  and  spent  Sunday  at  the  Lady  Evelyn  Hotel.  All  re- 
turned Sunday  evening  to  the  special  train. 

The  following  account  of  this  region  is  substantially  taken 
from  a  "  folder  "  issued  by  the  Temagami  Navigation  Co. : 

The  *' Temagami  Forest  Reserve,"  in  New  Ontario,  is  under  control  of  the 
Ontario  Government,  and  covers  an  area  of  some  1,400,000  acres.  In  the  heart 
of  this  Eeserve  lies  Lake  Temagami  (Indian  name  for  ''Deep  Water"),  sur- 
rounded on  all  sides  bj  innumerable  smaller  lakes,  all  connected  bj  rivers,  streams 
and  falls,  forming  a  perfect  network  of  unquestionably  the  finest  canoeing-  and 
camping-district  in  America.  Lake  Temagami  contains  some  1,400  islands,  and 
all  the  adjoining  lakes  are  dotted  with  many  beautiful  islands,  forming  ideal 
camping-grounds  for  all  lovers  of  outdoor  life. 

Temagami  station,  on  the  northeast  arm  of  the  lake,  is  the  entrance-point  to 
this  now  famous  tourist  district.  Lying  as  it  does  some  300  miles  to  the  north  of 
Toronto,  Ontario,  and  70  miles  north  from  North  Bay,  it  can  now  be  reached  by 
through  trains,  with  Pullmans,  leaving  Toronto  every  evening  and  reaching 
Temagami  early  next  morning.  Some  20  miles  to  the  north  of  Temagami  sta- 
tion is  Latchford,  on  the  Montreal  river,  and  10  miles  more  brings  one  to  the 
mnch-talked-of  town  of  Cobalt  (the  "Silver  City"). 

The  Temiskaming  &  Northern  Ontario  Railway,  or  the  **  People's  Railroad," 
as  it  is  frequently  called,  was  built  and  is  now  operated  by  a  commission  ap- 
pointed by  the  Ontario  Government  It  is  over  this  line  that  one  travels  from 
North  Bay  (the  junction-point  of  the  Grand  Trunk  Railway  System  and  the  Cana- 
dian Pacific  Railway)  into  the  New  Ontario  district ;  its  lands  laden,  as  they  are 
proving  to  be,  with  mineral  wealth  and  timber,  and  its  primeval  forests  the  haunts 
of  big  game. 

The  altitude  of  Lake  Temagami  is  over  1,000  ft.  above  sea-level.  The  weather 
in  the  months  of  July,  August  and  September,  during  the  daytime,  is  warm  and 
balmy,  with  little  rain,  and  the  nights  are  pleasantly  cool  for  sleeping. 

A  number  of  camps  are  established  at  which  accommodation  can  be  had  by 
applying  in  advance ;  but  for  those  who  are  not  able  or  do  not  care  to  rough  it, 
there  are  the  three  hotels— the  Renocco,  at  Temagami  station ;  the  Temagami 
Inn,  on  Temagami  Island,  near  the  center  of  the  lake  ;  and  the  Lady  Evelyn 
Hotel,  on  Deer  Island,  at  the  northern  end  of  the  lake. 

Besides  the  hotels,  some  boarding-houses  have  been  established.     At  each  of 

[21] 


868  PROCEEDINGS    OF   THE   TORONTO    MEETING. 

these  places  a  considerable  number  of  guests  can  be  accommodated.  Cochranei's 
Gamp,  in  the  south  arm,  and  the  Keewajdin  Gamp,  on  Deyil's  Island,  are  pri- 
marily boys'  camps,  but  provision  has  been  made  for  receiving  adults,  upon  special 
application,  accompanied  with  satisfactory  references. 

Sudbury. 

Monday  morning,  July  29,  the  train  arrived  at  Sudbury, 
where  it  was  met  by  the  Local  Committee  (the  names  of  the 
members  of  which  have  been  already  given). 

The  smelting-works  of  the  Canadian  Copper  Co.  at  Copper 
Cliff,  where  the  party  was  received  and  guided  by  Messrs.  A. 
P.  Turner,  President,  D.  H.  Browne,  metallurgist,  and  other 
officials  of  the  company,  were  first  visited ;  and  in  the  after- 
noon the  Creighton  mine  was  inspected. 

The  following  partial  account  of  the  Copper  Cliff  smelting- 
works  of  the  Canadian  Copper  Co.  has  been  condensed  from 
an  excellent  paper  by  David  H.  Browne,  the  metallurgist  of  the 
company,  published  in  the  Canadian  Mining  Journal^  Aug.  1, 
1907: 

These  works,  in  their  present  condition,  practically  date  from  1904,  when  the 
construction  of  a  system  of  dams  was  begun  at  the  High  Falls  of  the  Spanish 
river,  about  25  miles  from  Copper  Cliff,  for  the  purpose  of  utilizing  the  water- 
power  by  electric  transmission. 

The  power-house  at  High  Falls  is  a  concrete  and  brick  building  106  ft.  long 
and  55  ft.  wide  in  the  main,  with  an  extension  along  one  side  24  ft  wide  con- 
taining the  transformers  and  a  wing  35  ft.  square  at  one  end  containing  a  store- 
house and  heating-plant.  In  this  building  provision  is  made  for  four  penstocks 
9  ft.  in  diameter,  through  i^hich  water  enters  to  the  turbines  at  a  maximum 
speed  of  7.2  ft.  per  second.  Two  turbines  are  at  present  in  operation,  and  a 
third  will  be  installed  daring  the  summer  of  1907.  These  turbines,  made  by  the 
I.  P.  Morris  Co.,  of  Phila.,  are  designed  for  a  maximum  of  3,350  h.p.  each. 
Direct-connected  with  each  turbine  is  a  2,Q00-kw.  generator,  made  by  the  Crocker, 
Wheeler  Co. 

The  effective  head  of  water  is  85  ft.,  and  the  speed  of  the  turbines  and  genera- 
tors is  375  rev.  permin.  These  generators  produce  2,000  kw.  current  at  2.400 
volts,  3-phase,  and  25  cycles.  Space  is  provided  in  the  power-hous(B  for  four 
such  units,  two  of  which  were  put  in  operation  in  February,  1906,  and  the  third 
is  at  present  under  construction,  leaving  the  fourth  for  future  installation.  When 
these  generators  were  completed  one  was  tested  against  the  other  by  reversing 
the  direction  of  rotation  of  the  second  and  using  it  for  a  time  as  a  turbine  pump 
operating  against  the  full  head  of  water.  In  this  way  each  machine  was  tested 
under  varying  brake-loads. 

Two  groups  of  three  transformers  are  at  present  installed  in  the  transformer- 
chamber  behind  the  switchboard.  These  raise  the  pressure  to  35,000  volts,  at 
which  tension  it  passes  through  the  tower  to  the  transmission  line. 

This  line  follows  the  Soo  branch  of  the  C.  P.  Railway,  on  a  private  right  of 
way,  and,  owing  to  the  necessary  curves,  is  about  29  miles  in  length.     It  consists 
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of  two  S-phase  drcuito  of  No.  1  wire,  supported  on  a  cro8»>arm  on  and  between 
two  poles.  But  one  line  is  in  operation  at  a  time,  proyision  being  made  for 
throwing  the  load  from  one  to  the  other  line  in  case  of  accident  or  repair.  The 
insulators  were  tested  at  the  start  at  70,000  yolts,  and  the  transmission  has  given 
no  trouble,  except  in  two  or  three  cases  when  the  insulators  have  been  accident- 
ally or  maliciously  broken. 

At  Copper  Cliff  the  line  enters  the  sub-station,  a  concrete  building  203  ft.  by 
100  ft,  and  is  there  stepped  down  to  a  proper  voltage  for  the  various  electric 
motors.  In  this  sub-station  are  installed  three  Nordberg  radial-valve  blowing- 
engines,  while  a  fourth  similar  engine  is  being  constructed  at  present  These 
engines  are  rope-driven  by  Allis-Chalmers-Bullock  induction-motors  of  600  h.  p. 
working  at  2,200  volts.  These  motors  are  arranged  to  work  at  three  speeds,  so 
that  the  volume  of  air  delivered  to  the  furnace  is  under  control.  The  engines 
are  duplex,  42  in.  stroke,  70  in.  piston-diameter,  and  deliver  320  cu.  ft.  of  free 
air  per  revolution.  The  blast  for  the  Bessemer  converters  is  furnished  by  a 
Nordberg  blowing-engine,  rope-driven  by  an  Allis-Chalmers-Bullock  500-h.p. 
induction-motor  running  at  a  constant  speed  of  375  rev.  per  min.  This 
blower  is  36  in.  stroke,  40  in.  in  diameter,  duplex,  and  runs  at  100  rev.  per  min., 
delivering  12,600  cu.  ft  of  free  air  per  min.  at  a  pressure  of  12  lb. 

A  100-lb.  air^compressor,  made  by  the  Laidlaw-Dunn-Gordon  Co. ,  with  25  in. 
stroke,  15  in.  in  diameter  on  the  high-pressure,  and  24  in.  on  the  low-pressure  cyl- 
inder, direct-connected  to  an  Allis-Chalmers-Bullock  induction-motor  of  300  h.p., 
Fanning  125  rev.  per  min.  at  2,200  volts,  serves  for  running  drills,  and  other  me- 
chanical work.  The  motive  power  for  the  electric  locomotives  which  take  the 
trains  of  ore  from  the  bins  to  the  furnaces  is  furnished  by  one  40-kw.  motor-gen- 
erator set,  which  takes  550  volts,  40  amperes,  alternating  current,  and  delivers 
250  volts,  100  amperes,  direct  current 

The  alternating-current  arc-lighting  system  used  for  street  lamps  is  supplied  by 
a  75-kw.  frequency-changer  set,  in  which  the  25-cycle  current  from  the  trans- 
formers is  changed  to  60  cycles,  as  required  by  the  arc  lamps. 

The  blast  from  the  three  Nordberg  air-compressors  is  carried  through  36-in. 
pipes  on  an  overhead  system  of  supports  to  the  furnace-building,  which  adjoins 
the  sub-station.  The  furnace- building  is  357  ft  long  and  85  ft  wide.  It  covers 
at  present  three  cupola  furnaces,  four  converter-stands,  and  the  relining-platform, 
but  these  converter-stands  and  the  lining-machinery  are  in  this  building  merely 
88  a  temporary  expedient  during  the  erection  of  the  main  converter-building. 
The  furnace-building  Is  designed  to  cover  five  cupolas,  of  which  two  have  been  in 
operation  since  July,  1904,  and  the  third  has  been  in  blast  since  April,  1906,  and 
two  more  are  under  oonstruction.  These  cupolas  stand  in  a  row  down  the  center 
of  the  building,  having  on  one  side  two  standard-gauge  tracks  for  the  disposal  of 
furnace-slag,  and  on  the  other  side  a  32- ft  crane-span,  on  which  two  50-ton 
cranes  attend  to  the  handling  of  furnace-matte  to  the  converters  and  of  Bessemer 
matte  from  the  converters  to  the  casting-molds. 

The  platform  on  which  the  settlers  stand  is  10  ft  above  the  floor  of  the  smelter- 
building.  On  this  rise  the  concrete  bases  of  the  furnaces,  so  that  the  hearth- 
plates  of  the  furnaces  are  6  ft  6  in.  above  the  tapping-platform.  The  furnaces 
are  50  in.  by  204  in.  at  the  tuyeres,  and  consist  of  two  tiers  of  water-jackets,  the 
lower  or  tuyere-jackets  being  8  ft  6  in.  and  the  upper  jackets  6  ft  in  height. 
The  total  height  from  the  lower  floor  of  the  furnace-building  to  the  charging- 
floor  is  35  ft.,  and  the  total  jacket-height  of  the  furnaces  is  14  ft  6  in. 

Each  of  the  tuyere-jackets  contains  four  6-in.  tuyeres,  which  are  bushed  down 
to  4  in.  The  side  tap  is  notched  out  of  one  of  the  middle  tuyere- jackets  on  the 
crane  side,  and  is  filled  with  a  water-cooled  cast-iron  side-tap  jacket  10  by  24  in. 
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The  furaaoe-alag  flows  ofif  at  the  back  of  the  settler  into  cast-iron  slag-pots, 
each  holding  22  tons.  These  slag-pots  are  made  in  sections,  with  four  side-pieces 
and  a  separate  bottom-piece.  The  train  of  three  slag-pots  is  handled  by  a  yard- 
locomotive,  and  poured  over  the  slag-dump. 

Matte  from  the  settlers  is  tapped  as  required  into  cast-steel  ladles  6  ft  high  and 
6  ft  in  diameter.  This  is  picked  up  by  the  electric  crane  and  poured  into  the 
converters. 

Four  converter-stands  are  provided,  and  three  are  in  use  all  the  time.  The 
shells  are  7  ft  by  10  ft.  6  in.  inside,  and  revolve  in  tread-rings  7  ft  8  in. 
in  diameter. 

It  is  a  curious  point  that  ooppei^nickel  behaves  as  one  metal  in  the  converter, 
and  that  the  ratio  of  elimination  of  sulphur  and  iron  in  these  mattes  has  exactly 
the  same  relation  to  the  amount  of  copper-nickel  present  as  the  elimination  of 
these  elements  in  ordinary  copper  work  has  to  the  amount  of  copper  present 
The  matte  contains  about  80  per  cent  of  copper-nickel. 

The  charges  are  accurately  weighed  before  leaving  the  ore-bins,  and  the  amount 
of  flux  is  adjusted  to  the  ore  under  treatment  Some  ores,  such  as  Creighton,  re- 
quire silica  ;  others,  as  Crean  Hill,  sometimes  require  lime  ;  in  each  case  the  en- 
deavor is  to  produce  a  fluid  slag  which  shall  carry  as  little  copper-nickel  as  possi- 
ble. Slag  from  the  converters,  as  well  as  all  scrap  and  cleanings  from  the  cu- 
polas, is  returned  to  the  ore-bins.  These  bins,  700  ft  long  and  35  ft  wide,  are 
parallel  with  the  furnace-building,  and  200  ft  behind  it.  The  roasted  ore  from 
the  roast-yard,  green  ore  from  the  mines,  slag  and  scrap  from  the  furnaces,  coal 
and  coke,  quartz,  clay  and  limestone,  are  all  delivered  on  the  upper  tracks  of  the 
ore-bins,  35  ft  above  the  charging-floor. 

The  steam  power-house,  formerly  used  for  the  (then  smaller)  works,  and  now 
held  in  reserve,  against  any  interruption  of  the  electric  power-system,  is  a  brick 
building,  156  by  101  ft.,  situated  about  150  ft.  north  of  the  furnace-building.  It 
contains  four  400-h.p.  Aultman-Taylor  boilers  (fed  with  water  previously  treated 
with  alkali,  to  neutralize  its  sulphuric  acid) ;  boiler  and  fire-pumps  ;  a  steam  com- 
pound blowing-engine  for  the  converters  (Nordberg,  Milwaukee,  high-pressure 
cylinder,  15  by  42  in.,  low-pressure,  30  by  42  in.,  air-cylinders,  40  by  42  in., 
delivery,  10,000  cu. ft.  free  air  at  12  lb.  or  120  cu.  ft  per  rev.) ;  also,  to  blow  two 
furnaces,  two  cross-compound  engines  (Nordberg,  dimensions  and  work  of  each, 
as  to  the  items  named  above,  13  by  42  in., 26  by  42  in.,  57  by  42  in.,  20,000  cu.  ft. 
air  per  min.  at  45  oz.  pressure,  or  236  cu.  ft  per  rev. )  ;  also,  steam-engines  and 
dynamos  for  electric  power ;  electric-lighting  plant,  etc.  All  this  machinery, 
though  valuable  as  a  reserve,  would  not  be  adequate  to  run  the  works  in  case  of 
break-down  of  the  electric-transmission  line  from  High  Falls,  because  the  works 
have  been  so  greatly  enlarged  and  the  new  construction  involves  much  electric 
machinery,  for  which  steam-power  could  not  be  substituted  at  a  moment's  notice. 

The  chemical  laboratory,  recently  completed,  is  a  one-story  concrete  and  brick 
building,  35  by  80  ft  in  size,  with  basement.  The  latter  contains  rooms  for  the 
storage  of  acids  and  glassware,  special  research- work,  photographic  work  (dark), 
etc. ;  also,  a  Sturtevant  fan,  drawing  cold  air  through  a  steam  coil  and  distribut- 
ing warm  air  through  the  building,  and  a  suction  fan,  drawing  the  gases  from 
the  hood  in  the  laboratory  overhead  and  discharging  them  into  a  chimney.  The 
main  floor  contains  a  main  work-room,  41  ft.  3  in.  by  21  ft  6  in.,  and  open,  with- 
out ceiling,  to  the  roof.  At  each  end,  a  hall  connects  with  special  rooms :  at  one 
end,  with  the  assay-  and  the  sulphuretted- hydrogen-room  ;  at  the  other,  with  the 
balance-room  and  the  office ;  and  above  each  of  these  halls  a  ventilating  flue, 
connected  with  an  electric  fan,  gathers  and  discharges  into  the  outer  air  the  gases 
which  may  have  collected  under  the  peak  of  the  roof. 
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The  arrangements  of  tables,  hoods,  etc,  for  laboratory  work,  represent  the 
latest  improvements  in  these  particolars.  A  feature  of  special  interest  is  the 
sapply  from  electricallj  heated  plates  of  all  heat  for  evaporation,  etc.  These 
platas  can  be  made  at  will  to  produce  either  of  three  temperatures :  the  lowest, 
just  below  the  boiling-point  of  water,  for  slow  evaporation  ;  the  next  higher,  for 
boiling  ordinary  solutions ;  and  the  highest,  for  driving  ofif  the  last  trace  of  sul- 
phuric acid,  or  for  baking  residues,  silica,  etc. 

A  striking  illustration  of  the  completeness  of  thb  laboratory,  and  the  desire  of 
the  company  to  employ  scientific  aid,  not  only  for  the  promotion  of  technical 
economy  but  also  for  the  welfare  of  its  workmen,  is  furnished  by  a  room  (not 
specially  mentioned  in  Mr.  Browne's  paper,  yet  highly  deserving  of  mention),  in 
which  bacteriological  and  sanitary  researches  are  conducted,  with  special  reference 
to  the  potable  waters  of  the  region,  and  the  protection  of  its  inhabitants  against 
typhoid  fever,  etc  This  is  regarded,  not  merely  as  a  philanthropic  undertaking, 
but  also  as  a  wise  business  precaution.  The  health  of  operatives  is  an  all-im- 
portant matter ;  and  it  is  in  such  districts,  suddenly  populated,  that  the  original 
purity  of  surface-waters  is  most  likely  to  be  impaired,  with  well-nigh  pestilential 
consequences. 

In  addition  to  the  plant  above  outlined,  a  new  building,  to  contain  ten  Bessemer 
converters,  is  under  construction.  Mr.  Browne's  paper  gives  the  particulars  of 
this  enlargment,  and  of  the  process  of  smelting,  etc,  as  it  will  be  conducted  after 
the  plant  shall  have  been  thus  perfected. 

The  ore-supply  comes  from  the  Creighton  and  the  Grean  Hill  mines.  The 
former  is  the  largest  body  of  niccoliferous  pyrrhotite  ever  opened  in  the  Sudbury 
district.  It  is  worked  as  an  oval  open  pit,  now  about  160  ft.  deep,  and  225  ft. 
wide  from  hanging-  to  foot- wall.  An  incline  in  the  foot-wall  rock  is  connected 
by  a  short  cross-cut  with  the  bottom  of  the  pit ;  and  13  tracks,  radiating  from  the 
mouth  of  this  cross-cut,  serve  to  convey  the  ore,  broken  in  steps  on  the  sides  of 
the  pit,  to  the  incline  and  the  surface.  A  new  shaft,  330  ft.  west  of  the  old  one, 
is  expected  to  double  the  producing-capacity  of  the  mine.  Within  the  past  year, 
electricity  has  taken  the  place  of  steam  for  all  the  surface-machinery  at  this  mine. 
Even  the  air-compressors  driving  the  rock-drills  are  themselves  driven  by  electri- 
city. 

The  Crean  Hill  mine,  opened  during  the  past  year,  is  not  yet  thoroughly  devel- 
oped. The  ore  seems  to  occur  in  veins  from  50  to  80  ft.  wide  ;  and,  containing 
a  considerable  proportion  of  pentlandite  (iron-nickel  sulphide),  as  well  as  a  gangue 
of  soapstone  and  greenstone,  it  requires  a  different  treatment  from  that  of  the 
massive  ores  of  the  Creighton. 

In  the  evening,  a  complimentary  banquet,  tendered  to  the 
Institute  by  the  citizens  of  Sudbury,  took  place  in  Lennon's 
Opera  House.  The  room  was  beautifully  decorated  with  flags, 
bunting  and  electric  lights;  an  orchestra  on  the  stage  dis- 
coursed appropriate  music;  Hon.  L.  O'Connor,  Mayor  of  Sud- 
bury, presided ;  and,  after  the  generous  provision  made  for  the 
physical  man  had  been  enjoyed,  a  similarly  abundant  ''feast " 
and  "  flow  "  of  higher  enjoyment  was  furnished  by  the  follow- 
ing toasts:  ''The  King";  "The  President  of  the  United 
States  " ;  "  The  Dominion  and  Provincial  Parliaments "  (re- 
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sponded  to  by  Hon.  Dr.  Pyne,  Ontario  Minister  of  Education, 
and  Mr.  C.  N.  Smith,  member  of  the  Ontario  Legislative  As- 
eembly) ;  "  The  American  Institute  of  Mining  Engineers  " 
(responded  to  by  Dr.  R.  W.  Raymond,  Secretary,  Prof.  W. 
P.  Blake,  past  Vice-President,  Dr.  Fritz  Cremer  and  M. 
Maurice  Chatard,  foreign  guests  from  Germany  and  France, 
Professor  William  Kent,  and  Messrs,  E.  S.  Hutchinson  and 
William  L.  Saunders,  members  of  the  Institute) ;  "  The  Cana- 
dian Institute  of  Mining  Engineers  "  (responded  to  by  Maj.  R. 
G.  Leckie,  first  President,  and  Mr.  Eugene  Coste,  now  Presi- 
dent, of  that  Society) ;  "  The  Mining  Industries ''  (responded 
to  by  Messrs.  H.  W.  Hixon,  D.  H.  Browne,  and  Mr.  Seeley — 
the  last  of  whom  spoke  particularly  of  the  Canadian  iron- 
ore  deposits,  and  also  by  Mr.  H.  J.  Carnegie  Williams,  mana- 
ger of  the  historic  Bruce  copper-mine  on  Lake  Huron,  who 
cordially  jnvited  members  to  visit  that  place  and  see  what  was 
being  done  to  revive  its  commercial  importance) ;  and  "  The 
Prospector,"  responded  to  by  Mr.  James  Stogie. 

Mayor  O'Connor  and  Minister  Frank  Cochrane  also  made 
felicitous  addresses ;  and  the  company  broke  up  long  after 
midnight,  with  a  feeling  of  happy  satiety. 

Moose  Mountain. 

On  Tuesday,  July  30,  the  party  visited  the  Moose  Moun- 
tain iron-mine,  where  the  great  deposit  of  iron-ore  was  in- 
spected, and  a  sumptuous  "  camp-dinner,''  provided  by  the 
Moose  Mountain  Iron  Mining  Co.,  was  heartily  appreciated. 

The  following  notes  on  this  mine  are  taken  from  the  Pro- 
gramme of  the  Toronto  Local  Committee : 

•     The  Moose  Mountain  Iron-Mine. 

A  railway,  a  branch  of  the  Canadian  Northern,  has  recently 
been  completed  from  the  main  line  of  the  Canadian  Pacific  a 
few  miles  east  of  Sudbury  to  the  Township  of  Hutton,  in  which 
the  Moose  Mountain  iron-mine  is  situated.  Moose  Mountain 
is  about  twenty-five  miles  north  of  Sudbury.  Ore  can  now  be 
shipped  by  rail  from  the  mine.  The  Canadian  Northern,  a 
part  of  the  Sudbury  to  Toronto  branch,  is  in  course  of  con- 
struction to  the  shore  of  the  Georgian  bay,  which  will  give 
direct  connection  between  the  mine  and  Lake  Huron.     The 
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Moose  Mountain  ore,  when  the  railway  is  completed,  can  be 
laid  down  on  Lake  Huron  by  a  shorter  rail  haul  than  the  Min- 
nesota mines  have  to  Lake  Superior.  The  water-route  to  lower 
lake  ports  will  be  considerably  shorter  than  that  from  Lake 
Superior  ports  and  the  navigation  of  the  Sault  Ste.  Marie  locks 
will  be  avoided. 

That  part  of  Ontario  which  embraces  Sudbury  and  Cobalt 
contains  the  greatest  known  deposits  of  two  out  of  the  three 
magnetic  elements,  nickel  and  cobalt.  Moose  Mountain  illus- 
trates that  the  third  magnetic  element,  iron,  is  found  here  in 
important  quantity.  Numerous  iron-ranges  occur  in  Ontario, 
among  which  may  be  mentioned,  from  east  to  west,  Boston, 
Temagami,  Hutton,  Michipicoten,  Animikie,  Nipigon,  Matta- 
win,  and  Atikokan.  Most  of  these  ranges  are  similar,  geologi- 
cally, to  the  Vermilion  range  of  Minnesota.  Little  work  has 
been  done  on  these  ranges  compared  with  what  was  required 
to  prove  the  ore-bodies  on  the  United  States  side  of  Lake  Su- 
perior, in  Michigan  and  Minnesota.  When  the  Ontario  ranges 
are  properly  prospected,  by  means  of  diamond-drills  and  in 
other  ways,  it  is  confidently  believed  that  many  ore-bodies  will 
be  discovered.  The  three  most  important  iron-mines,  so  far 
discovered  in  northern  and  western  Ontario,  had  surface  ex- 
posures of  ore.  The  Helen  mine  of  the  Michipicoten  range 
on  Lake  Superior  has  been  a  shipper  for  some  years.  Moose 
Mountain,  north  of  Sudbury,  and  a  deposit  on  the  Atikokan 
range  west  of  Port  Arthur,  are  now  ready  to  begin  shipping. 
In  southeastern  Ontario,  where  the  iron-deposits  are  similar  to 
those  of  northern  New  York  and  New  Jersey,  mines  have  been 
worked  at  various  times,  and  it  would  seem  that  there  is  an 
important  field  here  for  the  magnetic  concentration  of  iron- 
ore,  similar  to  what  is  being  done  in  New  York  State.  The 
Mineral  Range  Company  in  Hastings  county  is  shipping  a 
high-grade  magnetite  to  some  of  the  Ontario  furnaces. 

The  Moose  Mountain  iron-deposit  occurs  in  rocks  of  Kee- 
watin  age,  the  oldest  series  of  rocks  known  in  this  part  of  the 
continent.  The  Keewatin  is  essentially  an  igneous  complex, 
the  predominant  rocks  being  greenstones.  The  deposit  or  de- 
posits at  Moose  Mountain  may  be  briefly  described  as  follows : 
On  Hill  No.  1  there  is  an  exposure  of  a  lens  of  magnetite 
800  ft.  by  100  ft.  to  150  ft.     The  ore  has  been  proved  in  two 
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drill-holeB  257  and  400  ft.  in  length,  run  at  angles  of  45® 
and  60°,  respectively.  This  deposit  is  being  worked  by  a  cut 
which  is  75  ft.  lower  than  the  top  of  the  hill.  In  line  with 
the  larger  axis  of  the  lens,  W.  by  N.  one-half  mile,  another 
large  ore-body  has  recently  been  found  600  ft.  by  60  ft.  in  size. 
East  by  south  from  No.  1,  one-quarter  mile,  another  promising 
lens  is  being  opened  up. 


Analyses  of  Iron^Ores  From  the  Huiton  Township  Ranges. 


No. 


Per  Cent.  Percent,    per  Cent. 

Iron.    Sulphur.  Phosphorus.  Tttanium 


1 

Eagene  Goste's  sample, 

51.45 

.001 

.058        Noi 

Prof.  Coleman's  report, 

62.64 

.056 

.011 

2 

Eagene  Costers  sample,      . 

55.45 

.010 

.011            " 

Prof.  Coleman's  report, 

59.12 

.08 

.016 

2 

Extension,  £.  Coste's  sample,   . 

44.54 

.020 

.037 

3 

Eagene  Coete's  sample, 

59.75 

.013 

.072            " 

D.  D.  Mann's  sample  (Heys'  assay) , 

65.75 

None. 

.001            " 

D.  D.  Mann*s  sample  (Uersej's  assay), 

53.07 

.100 

.014            " 

4 

Prof.  Coleman's  report,     . 

46.08 

.06 

.094 

4(1) 

E.  Coste's  sample,      .        .        .        . 

42.76 

.015 

.036 

4(2) 

E.  Coste's  sample,      .... 

55.24 

.015 

.055 

4(3) 

E  Coste's  sample,      .        .        . 

44.19 

.002 

.011 

6 

E.  Coste's  sample,      .... 

31.70 

.026 

.051            " 

6 

E.  Coste's  sample,     .... 

54.30 

None. 

.025            " 

Sixteen  miles  north  of  Moose  Mountain  a  similar  iron-range 
is  found  at  Burwash  lake. 

The  Vermilion  River  Placers. 
During  Tuesday  afternoon,  on  the  return  to  Sudbury,  the 
train  made  a  brief  stop,  permitting  a  hasty  inspection  of  a 
small  experimental  operation  in  washing  the  auriferous  sands 
and  gravels  of  the  Vermilion  river.  Gold  has  been  found  over 
a  large  area  along  this  stream ;  and  no  doubt  it  will  prove 
possible  to  extract  the  metal  with  profit  by  modern  methods  at 
favorable  points.  Several  of  the  visitors  on  this  occasion  satis- 
fied themselves  of  its  presence  by  panning  it  out  from  the 
crude  material  for  themselves.  Others  were  less  successful; 
but  it  is  not  everybody  who  can  handle  a  pan ! 

Mr.  Bobert  H.  Ahn,  the  director  of  the  operations  inspected,  who  received  the 

party  with  much  courtesy,  writes  that  he  has  since  completed  some  test-mns, 

which  indicate  that  he  can  recover  20  cents  per  cu.  yd.  in  gold,  besides  being 

able  to  sell  at  a  good  price  at  least  half  of  his  washed  gravel.     These  figures  are 

certainly  encouraging ;  and  we  all  hope  that  Mr.  Ahn  will  achieve  the  success  he 

deserves. 
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Conclusion. 

The  train  arrived  at  Toronto  on  Wednesday,  July  80.  Many 
of  the  tourists,  however,  left  it  en  rotUCy  to  enjoy  the  offered 
hospitality  of  Canadian  friends,  or  to  explore  further  for  them- 
selves the  wonderful  lake-  and  forest-region  of  Ontario. 

Official  .letters  of  thanks  have  been  sent  to  an  almost  in- 
numerable host  of  the  generous  entertainers  of  the  Institute ; 
and  a  liberal  subscription,  received  from  members  of  the  excur- 
sion party,  has  been  expended  in  the  preparation  of  a  hand- 
some gold  watch-fob  (similar  to  those  illustrated  on  p.  xc  of 
Vol.  XXXVn.  of  the  Transactions)  which  has  been  sent  as  a 
souvenir  to  Prof  W.  G.  Miller,  the  Chairman  of  the  Toronto 
Local  Committee;  also,  a  large  engrossed  certificate  of 
grateful  acknowledgments,  to  be  duly  signed  by  the  officers  of 
the  Institute  and  sent  to  the  Department  of  Mines,  Lands  and 
Forests  of  the  Province  of  Ontario,  the  head  of  which,  Hon. 
Frank  Cochrane,  so  greatly  contributed,  both  officially  and 
personally,  to  the  complete  social  and  professional  success  of 
the  meeting. 
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MANUFACTURE  AND  ERECTION  OP 

Stamp  Mills 
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50-8TAMP  MILL  EQUIPPED  WITH  10  PINDER  CONCENTRATORS  JUST 
COMPLETED  FOR    NEVADA   CONS.  M.  &  M.  CO.,  WADSWORTH,  NEV. 

Our  Facilities  for  Prompt  Deliveries  are  Perfect 

CORRESPONDENCE  SOUOTED 


IfeonlMiiiia]©  (iff  CI^^ 
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STANDARD  LE  ^HATELnBB 


have  been  successfully  used  for  25  years  in  connection  with  all  modem  ra- 
search  tvarkf  and  most  of  the  success  of  such  work  was  due  to  the  trust- 
worthy service  of  this  particular  instrument. 

ANY  reference  in  ANY  modem  book,  paper  or  periodical  to  ANY 
work  of  this  charactor  by  ANY  investigator  will  prove  this. 

The  Standard  Le  Chatelier  Pyrometer  has  deservedly  gained  a  UNIVERSAL 
REPUTATION  and  it  is  acknowledged  the  most  suitable,  convenient,  flexible, 
constant  and  accurate  SCIENTIFIC  AND  PRACTICAL  INSTRUMENT  ftjr 
measuring,  checking,  regulating  and  recording 

HIGH    TB19IPBRAT1JRHS 

attending  all  metallurgical,  chemical  and  industrial  processes.     It  is 

Simple  in  constructiony  Reasonable  in  price,  and 

Reliable  in  service*  Cheap  in  maintenance. 

Apparatus  for  special  application  designed  and  furnished.  Installations  of  com- 
plete Pyrometer  Equipments  a  Specialty.  Correspondence  solicited,  Advice  given. 
Estimates  furnished. 

Send  for  pamphlets  eanUUning  vaiuahis  infintnmHon, 

S.  H.  STUPAKOFF,  Pittsburg,  (East  End)  Pa. 


EUSTIS  SMELTING  WORKS 

WEST  NORFOLK,  VA. 

SITUATED   ON   TIDE   WATER  AND 

CONNECTED  WITH  SOUTHERN  R.R. 

W.  E.  C.  EUSTIS,  Proprietor.  J.  A.  BLUE,  Snperintenctent. 

BUYERS    OF 

Copper,  Gold  and  Silver  Ores. 


Tapes  AND  Rules 

ARE  THE  BEST  IN  THE  WORLD. 

#a^^THE  LUPKIN  RULE  CO. 

FOR  SAL!  BvmYWNm.  8a«lnaw,  Mich.,  U.  8.  A. 

SIND  PM  OATALOQ  ||«w  York.      London. 
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Sullivan  Pick  Machines 

for  Undermining  Coal 


SuLLiYAN  "  Puncher  "  in  No.  2  Mink  op  the  8t.  Louis  &  O'Fallon 
Coal  Co.,  East  St.  Louis,  III. 

Sullivan  Coal  Pick  Machines  are  noted  for  three  qualities : 

1.  High  cutting  capacity 

2.  Small  repair  cost 

3.  Base  of  operation 

They  excel  all  other  pick  machines  in  these  characteristics. 
Catalog  No.  57  O  contains  full  details,  and  a  discussion  of 
the  cost  of  Machines  vs.  Hand -Mining.     Send  for  a  Copy. 

ELECTRIC  CHAIN  MINING  MACHINES 
DIAMOND  CORE  DRILLS  VENTILATING  PANS 

AUTOMATIC   CROSS-OVER   DUMPS 
AIR  COMPRESSORS  ROCK  DRILLS 

Sullivan  Machinery  Co. 

Railinray  Hxcfiani^e 
CHICAGO,    II.I.. 


BtrminghaTn,  Ala. 
Butte.  Mont, 
daremont,  N.  H. 


Denver 
BlFaso 
Joplln,  Mo. 


Knozvllle 
New  York 
Pittsburgh 


St.  Louis 
Salt  Lake 
San  FrandBCO 
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American  Bridge  Co 
of  New  York 


ENGINEERS  AND  CONTRACTORS  FOR 

STRUCTURAL  STEEL  WORK 

OP  ALL  DESCRIPTIONS 
INCLUDINQ 

BRIDGES, 
BUILDINGS, 
ROOFS, 

TURNTABLES, 
BARGES  and 
HULLS, 

FORCINGS, 
Etc.,  Etc. 

ANNUAL  CAPACITY  OF  PLANTS 
700,000  Tons 


Contractins  Offices  in  23  Cities  in  tlie  United  States 
MAIN   OFFICE 

42  Broadway,  New  York  City 
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THE  SLOGAN  OF  THE  CAMERON- 

" CHARACTER: 


THE  GRANDEST  THING" 


Take  the  Cameron 
Sinking  Pump  Part 

Ww     Pp)  Kt  ^^  over  the  xneohanlsm 

^  of  the  steam  end,  examine 

the  valve  arrangement  of 
the  water  end  and  note 
its  accessibility,  the  dis- 
tribution of  the  metali 
the  workmanship  and  the 
claimed  capacity,  and 
then  consider  the  pump 
as  a  whole,  its  useftilness, 
durability  and  reliability, 
ask  questions  about  it  of 
an  engineer,  or  anyone 
who  is  using  a  Cameron, 
and  then  let  us  send  you 
our  statement  of  substan- 
tial fkcts  gleaned  firom 
actual  results. 

This  is  the  way  to  kno-w 
almost  beyond  possibility 
of  doubt,  the  steam  pump 
it  will  pay  you  to  buy  or 
recommend. 

We  are  willing  to  stand 
or  fall  by  the  results.  To 
begin,  send  for  our  latest 
miniature  catalog,  edi- 
tion "  B  " 

A*  S*  Cameron  Steam  Pump  Works 


FOOT  OF  EAST  23D  ST^  NEW  YORK 


Sept.,  1907 
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L.  Vogelstein  Benjamin  Hirsch  E.  Q.  Hothom 

Special  Partner 

L.  VOGELSTEIN  &  CO. 

Mining  and  Smelting  Propositions  Financed 

BUYERS   OP 

Copper  and  Lead  Bullion,  Mattes,  Dore  Bars, 

Cyanide  Precipitates  and  Ores 

of  all  descriptions. 

100   Broadway,   New  York. 

AGENTS   FOR 

ARON  HIRSCH  CS^  SOHN 

Halberstadt,  Germany. 

UNITED  STATES  METALS  BEFimNG  COMPANT 

Chrome,  N.  J.  and  Grasselli,  Ind. 


-IF— 

If  a  belt  runs  slacks  without  slipping, — If  its  stretch  is 
slight  and  that  uniform, — If  it  is  less  affected  than  any  other 
belt  by  water,  steam,  fumes  or  gases, — If  it  has  a  longer 
serviceable  life, — Is  it  the  best  belt  ? 

Leviathan  fills  these  conditions. 

What  proof  may  we  send  you  ? — We  have  lots  of  it. 


MAIN  BELTING  COMPANY 

Sole  Manufacturers 

1223-1241  Carpenter  St.,  Philadelphia.         55-57  Market  St.,  Chicago. 
I20  Pearl  Street,  Boston.  40  Pearl  Street,  Buffalo. 

309  Broadway,  New  York. 
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CHROME  STEEL  WORKS 

CHROME.  N.J. .U.S.A. 


FORMFRLV    OF    HrmoKLV.V  .  N  .  V 


Jtor  Dry  or  Wet  Crushing  I 


ROLLED  CHROME  STEEL 


ADAMANTINE 

MARK 


Forged,  Punched  and  Rolled  from  a  Solid  Chrome  Steel  Ingot. 

Best  Material  Far 

Shells  for  Cornish  Rolls 

Rings  and  Tires  for  Chilian  Mills 

Rings  for  Huntington  Mills 

Send  for  Illustrated  Pamphlet  "Rolled  Shells  and  Rings" 


-233    El 
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LEDOUX    &    COMPANY 

Experts  in  Metallurgy,  Mining  Engineering, 
and  Assaying. 


Office  and  Laboratory: 
99   John    Street,    New   York. 


Independent  Ore  and  Metal  Sampling  Works: 
New  York  and  Jersey  City. 


Our   Representatives  at  all  Refineries  and  Smelters   on 
Atlantic   Seaboard  attend  to  weighing   and 
sampling  of  consignments,  as  repre- 
sentatives of  shippers. 


Lucius  Pitkin,  Ph.  D., 

Chemist  and  Assayer 

Qold,  Sliver  and  Copper  Bearlns:  Products  a  Specialty 
SAMPLING  AND  WEIQHINQ 

Entire  Charge  Taken  of  Consignments 

My  Spcdal  Laboratory  Building  designed  and  built  in  (902 
affbrdi  adequate  fadOtiet  tor  ipeedy  and  accurate  work 

Assayer  by  Appointment  to  New  York  Metal  Exchange 
UMPIRE  ASSAYS 

QBNBRAL  CHEMICAL  PRACTICE 

47  FULTON  STREET,  NEW  YORK  CITY 

(  iO  ) 
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Electrolytic   Lead  Refining 

MOST  ECONOMICAL  METHOD  FOR 
REFINING  LEAD  BULLION  and  ALLOYS 

For  licenses  in  the  United  States,  England,  Germany,  Mexico 
and  Australia — address: 

ANSON  G.  BETTS,  Troy,  N.  Y. 


The  General  Engineering  Confipany 

159   Plerpont  Avenue 

J.  M.  Callow,  President 

J.  W.  Neill,  Vtce-Presidem  SALT  LAKE  CITY,  UTAH,  0.  S.  A. 


In  conjunction  with  our  engineering  practice,  we  conduct  a 

COMPLETE 
ORE  TESTING  PLANT 

This  plant  is  equipped  to  handle  ores  in  either  small  quantities  or 
car-load  lots,  by 

AMALGAMATION 

WET  OR  MAGNETIC  CONCENTRATION 

AND  CYANIDE 

Either  separately  or  by  any  combination  of  the  above  processes. 


Ricketts  &  Banks,  New  York 

MILL  equipped  solely  for  TESTING  ORES  and  PROCESSES. 
Facilities  Given  Engineers  for  PRACTICAL  DEMONSTRATIONS. 
Advice  as  to  TREATMENT  After  Testing  SAMPLE  SHIPMENTS. 

Assays  and  Analyses.    Weighing  and  Sam- 
pling of  Shipments.    Reports  on  Properties. 

OFFICE,  104  JOHN  STREET,  NEW  YORK. 

(11) 


Advertisements. 


On  most  kinds  of  work  the 


STROUD    MILLS 

OUTDO   ALL   OTHERS 

In  quality  of  grinding  and  in  output  per  horse-power  per 
hour,  and  they  grind  for  less  money  per  ton. 

Crushing  Blills 

Disintegrating  Blills 

Pulverixing  Mills 

Shredding  Mills 

Our   AIR   SEPARATION    PIJLTERIZERS 

prodace  direct  from  the  mill,  an^r  desired  mesliy  from  saj  40  x  40 
down  to  the  MOST  IMPALPABLE  POWDERS,  at  will  of  operator,  at  a 
moment's  notice.  ::  Five  sizes.  ::  All  bailt  practicallj  alike.  ::  DUSTLESS 
IN  OPERATION.  ::  Do  away  with  sieving  entirely. 

E.    H.   STROUD    &    COm   Engineers  and  Manufocturers 
30-36  La  Salle  Street,  CHICAQO,  ILLINOIS 


^-FARREL^: 
CRUSHER 

Standard  of  t&e  World. 
Bacon's  *  WINZE  HOIST '^ 

FOR     UNOEHGROUMO    USt                     ^ 

EARLE  C.  BACON        t 

Havemeyer  BuMdlng 
NEW  YORK 

h 

A 

HOISTING 
CRUSHING 

MINING  MACHINERY 

A   SPECIALTY 

FOR   30  YEARS 

h 

^m 

k 

'.  4^ 

'     '1 

r^^^^^^H^B^^^HHT^ 
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INSTRUMENTS 

FOR 

Civil  Engineering 

Mining  and  Land  Surveying 

ALSO 

Standard  Weights  and  Measures 


Drawing 
Instnim'ts 


Established 

1845 


Incorpor'd 
1900 


MANUPACTURBD  BY 


W.  &  L.  E.  GURLEY,  '^T'A.'' 

Catalogues  on   Request. 
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PROFESSIONAL  CARDS 


1 


AUSTEN,  DR.  PETER  T.,F.C.  8., 
Consulting  Chsmitt, 

Rflmedying  Dcfeeto  m  ProBewci.  Impnyring 
and  Invenliiig  Proctwei.  Improving  Quality  and 
Yield  of  Products.  Toting  and  Reporting  oo  New 
Precemi.  Working  out  Manufacturing  Formiilai. 
Udizing  Waste*  and  Unapplied  SubMancea.  Soft- 
ening  and  dadibnns  Water.  Reducing  Manufac- 
turing Coiti.  Experimental  Teito  and  Inve«tigation>. 

89  Pln«  8trf0t,— NEW  YORK. 


BEATTY,  A.  CHESTER 

Consulting  Mining  Enginoor, 
71  Broadway. 

NEW  YORK,  N.  Y. 

Cable  Addien: 

Granitic. 


CARPENTER,  F.  R.  Ph.  D.,  F.G.8.A. 

Arthur  Howe-Caipeoler,  Met.  Eog. 
Mining  and  MtUllurglcal  Engintort, 

Cable  Address:  "Caipenter** 
Equitable  &%  DENVER,  COLO. 


BOGGS,  WM.  R.,  Jr. 

Mining  Englnoor  and  Motaliurvltt, 

Caie  W.  B.  A.  DbgwaU.  M.  £. 

MATEHUALA,  8.  L.  P. 
MEXICO. 

Manager  in  Maioma  for 
W.  B.  A.  Dingwall 


DEMMING,  HENRY  C. 

Mining  Englnoor, 

Geologist,  Mineralogist  and  Chemist 
Offices  and  Laboiatoiy, 

15-17  North  Third  St. 

HARRi8BURG,  PA.,  U.S.A. 


DICKSON,  ARCHIBALD  A.  C, 

M.  A.  X.  M.  B.,  M.  K.  G:  I.  I..  A.  I.  M.  M. 

Consulting  Mining.  Electricaland  Mechanical 
Engineer.  Geologist  and  Mine  Manager. 
Examination  and  Report  on  Properties 
in  any  part  of  the  world. 

Advice  aa  to  th*  most  economical  metk4>ds  of 
work  in  India  and  the  East,  etc. 

C/o  Beirj  8.  Kiig  k  Go^'C/s  Ki^.  laaikon  ft  Cs, 

65  Corn  HILL,        |    Bankers  &  Agents, 
London,  E.  C,      |  Calcutta, 

England.  • 


India. 


BRADLEY,  FRED.  W. 

Mining  Englnoor, 
1611  Franklin  Street. 

8AN  FRANCI8C0. 

Cable  address  ''  BoMlt"  San  Francisco. 
Code:  Bodford-McNoiii. 


EVANS,  C.  W. 

Civil  and  Mining  Englnoor, 
Comer  Main  &  Water  Sts. 
ASHLAND, 

OREGON,  U.  S.  A. 


BREWER,  WM.  M. 

ConouKIng  Mining  Englnoor 
and  Gooioglot, 

P.  O.  Box  701, 

VICTORIA,  B.  C 

Connected  with  the 

Tyee  Copper  Company,  Ltd. 


FORBES,  DONALD  G. 

Mining  Englnoor^ 
Board  of  Trade  Buildings 

VICTORIA, 
BRm8H  COLUMBU. 
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PROFESSIONAL  CARDS 


FOWLER,  SAMUEL  S. 
MInlny  Englnttr  sad  M«taliurgM, 

NELSON, 
BRITISH  COLUMBIA. 


HODGE,  BENJAMIN, 

Mining  Engineer, 
Specialty — ^Zinc   Mining. 

PLAHEVILLE,  WIS. 


HA66EN,  EDWARD  A. 

Mtalng  Engineer, 


REVELSTOKE, 
BRITISH  COLUMBIA. 


Mine  Management, 
Examinations  and  Reports. 


HUNT,  ROBERT  W.,  &  CO. 
ENGINEERS, 

Bureau  Inspection,  Tests 

and  Oonsnltation. 

Chemical  Analyses,  Physical  Tests, 
Inspectioa  and  Repoits. 

1121  The  Rnokery,  CHICAGO. 

66  Broadway,  New  York. 

If  onongahela  Bank  Bttilding,  Plttaburg., 

3X  Norfolk  House.  London. 


HAMMOND,  JOHN  HAYS, 

Conenltlng  Engineer, 

71  Broadway,  NEW  YORK. 

Code:  B^dford^McMfL 


Kempton,C.W.&P.B.McCoy, 

Mining  Engineers, 

29  Broadway, 

NEy  YORK. 


Milling^ 
ExplorcUion, 


Cable  Address :  ''Maeton,**  New  Torh, 
Code:  Western  JTnion, 


HANKS,  ABBOT  A. 

(Sncccessor  to  Hsnrt  G.  Hanks) 
EsubUshed  1866. 

Chemist  and  Assayer, 

Gives  Special  Attention  to  the  Analyses 
of  Ores,  Minerals,  Mineral  Waters. 
Control  and  Umpire  Assays,  and  Super- 
▼ision  of  Sampling  at  Smelters. 

4S  f  aiU^tol  8t     San  Franclsoo,  Cal. 


KERR,  MARK  B. 

Consulting  Engineer, 
TONOPAH,  NEVADA. 

Thb  Montana  Tonopah  Mining  Co. 
Tm«  West  End  Con.  "         •' 

Thb  Goldfikld  Souvbnir      "         •• 
Thb  Mono  Lakb  R'wy  &  Lumbbk  Co. 


HILL,  F.  A. 

ContvKlng  Engineer, 

609  Mutual  Life  Building. 

SEATTLE,  WASHINGTON. 

Coal  Mining  and  Reports  on  Coal  Pirop« 
cities  a  specialty. 


UMONT,  EUGENE  M. 

Consulting  Mining  Enghieer, 

568  Clarkson  Street, 

DENVER,  COLO. 

Omeral  ManoLger  Mines  and  MiU  0/ 
Baynumd  Consolidaied  Mines  Company^ 
Ohio  City,  Colo. 
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LOWE,  W.  B. 

Mining  Englnttr, 

Rooms  1516  and  1317. 

42    Broadway. 

NEW  YORK  CITY. 

SHAW,  RICHARD  C. 

Mlalog  Enfllneer  and  Metoilurglst, 

General  Manager, 
Montezuma  Mine,  Inc., 

MONTEZUMA, 

^^^^^  ^'C^'  C.  A, 

Cable  Address : 

Code:  Bedford-McNeill. 

MAYNARD,  GEO.  W. 

Mining  and  Metallurgical  Engineer, 
20  Na»au  Street. 

NEW  YORK,  N.  Y. 

Code:  Bedford- McNeill. 
Cable  Address-  Metallurgy. 
Telephone:  1957  John. 

SMITH  &  LAIRD, 

/FRANKLIN  W.  SMITU\ 
VCBORGB  A.  LAIRD         ) 

Consulting  Mining  Engineers, 

BiSBEE,  ARIZONA. 

Bedford  McNeill  Code 
Cable  Address  ••  Dailsmirth  " 

WM.  B.  PHILLIPS, 

Metallurgy^ 
Chemical  Engineering^ 

209  Hood  Building, 

BIRMINGHAM,  ALABAMA. 

SPALDING,  E.  P., 

Mining  Engineer, 
Manager  Monarch  Mining  Co..  Lid. 

Code:  Bedford- MoNelll. 

MURRAY,  IDAHO. 

RICHARDS,  ROBERT  H., 
Ore  Dreeeing, 

BOSTON, 

MASS. 

SPILSBURY,  E.  6YBB0N, 

Gonraltlnff,  OIyU,  Kinlng 
and  Metallurgical  Engineer, 

45  Broadway,                NEW  YORK. 

Cable  Address :  "  SpOroe^^  Xeur  Tor*. 

SEAMON,  W.  H. 

Chemlet  and  Ateayer, 

236  Avenue  d^  Independenda. 

CHIHUAHUA. 

Eogiiieers  will  find  at  theb  service  the 
only  completely  equipped  laboratory  and 
technical  libraiy  in  the  Republic 

TODD,  ROBT.  BLAKE, 

Mines  and  Mining, 

io6  Hall  Street, 

GOLDFIELD,  NEV. 

Also  Od^omia  Assay  Office. 
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Foster  Superheaters 

Save  10%  to  20%  of  Coal 

Eliminate  Condensation  Losses 

Insure  unlfornfi  superheat  at 

specified  temperatures 

POWER  SPECIALTY  COMPANY 

111  BROADWAY,  NEW  YORK  CITY 


PROFESSIONAL  CARDS 


WALLACE,  H.  VINCENT, 

CoMuKlog  Slaliio  Engineer, 

p.  O.  Box  144, 

N06ALE8,  ARIZ. 

Codes:  Bedftrd-ScNelll, 
Anglo-Amerioan. 


WALLER  &  RENAUD, 
ContuKIng  Chemists, 


,  Cyamde,  CUoriMtiaD,  MflBnc, 
CaDoenlntiao  and  Smdlmg  Tab,  Fud  Tab, 
Feed -Water  Ticalinait.  Expert  Tertinaiiy  in 
Court  and  Patent  Caaei.  F.iaminaiiww  and  Re- 
poiti,  Oiciiiieiry  and  Away  Labontodek 

159  Front  Street. 

NEW  YORK. 


YEATMAN.  POPE, 

Mining  Engineer, 


71  Broadway,  NEW  YORK. 

Cable  Address  "Ikona." 


® 

BLUE  ENAMELED  PIN 


OOLO  CROSS  HAMMEnS 


SEAL  FOB 


'T'HE  AMERICAN  INSTITUTE  OF 
^  MINING  ENGINEERS  has 
adopted  no  official  badge,  the  posses- 
sion of  which  is  proof  of  membership. 
Numerous  designs,  however,  have  been 
executed  for  temporary  use,  and  of  these 
the  three  here  shown  have  proved  so 
convenient  and  attractive  that  many 
members  continue  to  wear  them  as  per- 
sonal ornaments.  To  this  there  is  no 
objection ;  and  these  badges  will  be  sent 
postpaid  to  Members  and  Associates  on 
the  receipt  of  the  price  by  New  York 
check,  or  Postal  Money  Order,  in  favor 
of  the  Secretary,  as  follows : 

Blue  Enameled  Button,  silver,  $0.75  ;  gold,  $2.60  ; 
White  Enameled  Button  for  officers,  gold,  $2.60 ; 
Cross-Hanmiers,  gold,  $2.75  ;  Seal  Watch-Fob,  sil- 
yer-gilt,  $2.60  ;  silver,  $4.00 ;  gold,  $12  to  $20. 


fg^Informatton  regardingr  INDEX  on  page  Y  of  Bulletin. 
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General  Electrk  Om^ny 

Electric  Mine  Locomotives 
for  every  class  of  service 

from  the  smallest  to  the  largest 
within  practical  operating  units. 


The  extremely  heavy  construc- 
tion of  this  twenty-ton  two  motor 
locomotive  adapts  it  to  handling 
heavy  made-up  trips  on  heavy 
rails  where  the  grades  are  high 
and  the  haulage  long. 

CORRESPONDENCE  INVITED  FROM  EVERY  MINE  OPERATOR  INTERESTED 

1298 

PRINCIPAL  OFFICE:  SCHENECTADY,  N.  Y. 

NEW  YORK  OFFICE:  44  Broad  Street. 

8AI«H«  OPPICH0  IM   AXJL,  I«AROH  CITISS. 
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COMPLETE  INSTALLATIONS  OF 

Portable  Railway  Equipments 

All  Steel  and  Wood  Cars 

OF  ANY  DESCRIPTION 

PORTABLE   TRACK,    SWITCHES,   TURNTABLES, 
FROQS,  WHEELS  AND  AXLES,  SPARE  PARTS,  ETC. 

WRITE  FOR  CATALOa  No.  10 

ARTHUR  KOPP[[COMPANY 

66-68  BROAD  STREET,  NEW  YORK 
1639  MONADNOCK  BLOCK,  CHK^AGO 
MACHESNEY  BLDG.,  PITTSBURG 
515  MARKET  ST.,  SAN  FRANCISCO 
^^  53  OLIVER  STREET,  BOSTON 


Works  at 


TRADE 


TISCO 


HIGHEST  GRADE 
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SECTIOH  I.-IHSTITnTS  AHHOUHCEMEHTS. 

This  section  contains  announcements  of  general  interest  to 
the  members  of  the  Institute,  but  not  always  of  sufficient  per- 
manent value  to  warrant  republication  in  the  volumes  of  the 
transactions. 


SECTIOH  n.— TECHHICAL  PAPEES  AHD  BISCXTSSIOHS. 

[The  American  Institute  of  Mining  Engineers  does  not 
assume  responsibility  for  any  statement  of  fact  or  opinion 
advanced  in  its  papers  or  discussions.] 

A  detailed  list  of  the  papers  contained  in  this  section  is  given 
in  the  Table  of  Contents.  They  have  been  so  printed  and 
arranged  (blank  pages  being  left  when  necessary)  that  they 
can  be  separately  removed  for  classified  filing,  or  other  inde- 
pendent use. 

A  small  stock  of  separate  pamphlets,  duplicating  the  tech- 
nical papers  given  in  Section  11.  of  this  Bulletin,  is  reserved  for 
those  who  desire  extra  copies  of  any  single  paper. 

Comments  or  criticisms  upon  all  papers  given  in  this  sec- 
tion, whether  private  corrections  of  typographical  or  other 
errors  or  communications  for  publication  as  "Discussions,"  or 
independent  papers  on  the  same  or  a  related  subject,  are  earn- 
estly invited. 

All  communications  concerning  the  contents  of  this  Bulletin 
should  be  addressed  to  Dr.  Joseph  Struthers,  Assistant  Secre- 
tary and  Editor,  29  W.  89th  St.,  New  York  City  (Telephone 
number  4600  Bryant). 


OFFICERS. 

For  the  year  ending  February,  zgoS, 

Pbssident  of  the  Council. 

JOHN  HAYS  HAMMOND New  York,  N.  Y. 

(Term  expires  February,  1906.) 

Vice-Prsbibents  of  the  Council. 

HENRY  M.  HOWE New  York,  N.  Y. 

J.  B.  GRANT Denver,  Colo. 

JAMES  D.  HAGUE New  York,  N.  Y. 

(Term  expires  February,  1908.) 

SAMUEL  B.  CHRISTY Berkeley,  Cal. 

JOHN  A.  CHURCH - New  York,  N.  Y. 

PERSIFOR  FRAZER Philadelphia,  Pa. 

(Term  expires  February,  1909.) 

Councilors. 

A.  A.  BLOW Washington,  D.  C. 

FRANK  LYMAN New  York,  N.  Y. 

T.  A.  RICKARD Berkeley,  Cal. 

(Term  expiree  February,  190S.) 

THEODORE  DWIGHT .New  York,  N.  Y. 

WALTER  WOOD Philadelphia,  Pa. 

WM.  FLEET  ROBERTSON Victoria,  B.  C,  Can. 

(Term  expires  February,  1909.) 

B.  F.  FACKENTHAL,  Jr Easton,  Pa. 

H.  O.  HOFMAN Boston,  Mass. 

WALTER  R.  INGALLS New  York,  N.  Y. 

(Term  expires  February,  1910.) 

Secretary  of  the  Council. 

R.  W.  RAYMOND,  29  W.  39th  St New  York,  N.  Y. 

(Term  expires  February,  1908.) 

Assistant  Secretary  and  Editor. 
JOSEPH  STRUTHER8 New  York,  N.  Y. 

(fTorporation. 

JAMES  GAYLEY,  President;  JAMES  DOUGLAS^  Vice-President; 

R  W.  RAYMOND,  Secretary ;  FRANK  LYMAN,  Treasurer ; 
JOSEPH  STRUTHERS,  Assistant  Secretary  and  Assistant  Treasnier. 

Directors. 

JAMES  DOUGLAS,  JAMES  F.  KEMP,  ALBERT  R  LEDOUX. 

(Term  expires  February,  1908.) 

THEODORE  DWIGHT,  CHARLES  H.  SNOW,  R  W.  RAYMOND. 

(Term  expires  February,  1909.) 

JAMES  GAYLEY,  CHARLES  KIRCHHOFF,  FRANK  LYMAN. 

(Term  expires  February,  1910.) 

Consulting  Attorneys,  Blair  <&  Rudd,  New  York,  N.  Y.  • 

*  Secretary's  Note. — The  Council  is  the  professional  body,  having  charge  of 
the  election  of  members,  the  holding  of  meetings  (except  business  meetings),  and 
the  publication  of  papers,  proceedings,  etc.  The  Board  of  Directors  is  the  body 
legally  responsible  for  the  business  management  of  the  Corporation,  and  is  there- 
fore, for  convenience,  composed  of  members  residing  in  New  York. 
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COMPLETE    ANALYTICAL    AND    ALPHA- 
BETICAL INDEX  OF  VOLS.  I— XXXV., 
INCLUSIVE,   OF   THE  TRANSAC- 
TIONS OF  THE  INSTITUTE. 

This  volume,  an  octavo  of  626  pages,  is  now  ready  for  de- 
livery. By  its  aid,  any  subject  treated  or  alluded  to  in  the 
TVansactions  can  be  instantly  tracked.  The  names  of  persons, 
mines,  works,  towns,  etc.,  have  been  included;  and  abundant 
cross-references  and  classified  sub-headings  have  been  added  to 
facilitate  rapid  consultation.  Thus,  th^  student  remembering 
the  name  but  not  the  locality,  or  the  locality  but  not  the  name, 
or  neither  the  name  nor  the  precise  locality  of  a  gold-mine,  can 
find  it  under  "  Gold-mines,"  or  under  either  of  the  other  heads. 
For  a  more  extended  statement  of  the  nature  and  use  of  this 
Index,  which  is  intended  specially  for  the  benefit  of  those  who 
do  not  possess  complete  sets  of  the  TVamactionSj  and  who  con- 
sult the  Library  by  correspondence,  see  the  Bi-Monihly  Bulletin 
for  September,  1907.  The  price  of  the  Index  bound  in  cloth 
is  J5,  delivery  charges  prepaid.  Half-morocco  binding  costs 
(1  extra. 

Buy  at  once  a  copy  of  this  IndeZy  and  also  as  many  back-volumes 
of  the  Transactions  ae  you  can  afford.  Every  such  purchase  from 
the  stock  on  hand  is  so  much  added  to  the  income  of  the  In- 
stitute. .  As  far  as  possible,  the  money  thus  received  will  be 
devoted  to  maintaining  and  perfecting  the  Library,  and  making 
it  useful  to  members  in  all  parts  of  the  world. 
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SPECIAL  INQUIRY. 

Do  you  Possess,  or  Can  you  Obtain ;  and  Will 
you  Give,  or  Sell,  to  the  Institute  Library 

Early  Volumes  of  the  following  Proceedings  and  Journals  ? 

American  Chemical  Society. 
American  Foundrymen's  Association. 
Australian  Mining  Standard. 
Chemical  Society  of  London. 
Deutsche  Chemische  Gresellschaft. 
The  Foundry. 

New  Zealand  Mines  Record. 
Queensland  Government  Mining  Journal. 
La  iKevue  Universelle  des  Mines. 
Mining  and  Scientific  Press.    Vol.  52,  no.  23  (June  5, 
1886) ;  vol.  53,  no.  3  (July  17,  1886). 
Societe  Chimique  de  Paris. 
Societe  de  L'Industrie  Minerale. 
Stahl  und  Eisen. 
Tonindustrie  Zeitung. 
Zeitschrift  fiir  Anorganische  Chemie. 
Zeitschrift  fur  Angewandte  Chemie. 

Complete  sets  of  the  above  publications  are  greatly  needed, 
as  none  of  them  are  duplicated  in  the  library  of  the  American 
Institute  of  Electrical  Engineers  or  in  that  of  the  American  So- 
ciety of  Mechanical  Engineers. 

Please  communicate  on  the  above  subject  with  R.  W.  Ray- 
mond, Chairman  of  the  Library  Committee,  29  W.  39th  St, 
New  York,  N.  Y. 
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MEMBERS*  PRIVATE  RECEPTION   ROOM. 

A  separate  room  in  the  suite  occupied  by  the  American  In- 
stitute of  Mining  Engineers  on  the  ninth  floor  of  the  United 
Engineering  Society  Building,  has  been  equipped  with  furni- 
ture and  telephone  extension  for  the  use  of  members  of  the 
Institute  who  desire  temporary  private  office  accommodations. 

In  order  that  the  benefit  of  this  arrangement  shall  not  be 
restricted  to  a  few  members  only,  the  length  of  time  of  con- 
tinued occupancy  is  limited,  and  applications  will  be  consid- 
ered in  the  order  of  their  receipt.  A  small  fee  will  be  re- 
quired for  the  use  of  this  room. 
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LIBRARY. 

American  Institute  of  Electrical  Engineers. 
American  Society  of  Mechanical  Engineers. 
American  Institute  of  Mining  Engineers. 

Beginning  Wednesday,  Nov.  6,  1907,  and  continuing  until 
further  notice,  the  libraries  of  the  above-named  Societies  will 
be  open  from  9  a.m.  to  9  p.m.  on  all  week-days,  except  holi- 
days. Strangers  are  requested  to  present  either  letters  of  in- 
troduction from  members,  or  cards,  such  as  will  be  furnished 
upon  application  by  the  Secretary  of  each  Society. 

RULES. 

For  the  protection  and  convenience  of  members,  the  follow- 
ing rules  have  been  adopted  : 

The  Secretary  of  each  Society  will,  upon  application,  issue 
to  any  member  of  his  Society  in  good  standing  a  personal,  non- 
transferable card,  entitling  him  to  the  use  of  the  Libraries  in 
the  alcoves  of  the  Reading  Room. 

This  card,  as  well  as  any  card  of  introduction  given  to  a 
non-member,  must  be  signed  by  the  person  receiving  it,  and 
surrendered  at  the  desk  at  the  time  of  its  presentation.  At 
every  visit  he  must  identify  himself  by  signing  his  name  in  the 
registry. 

The  above  rules  apply  to  all  persons  except  officers  of  the 
three  Societies,  personally  known  as  such  to  the  librarians. 

The  librarians  are  not  permitted  to  lend  to  any  person  any 
catalogued  pamphlet  or  volume,  unless  authorized  in  writing  so 
to  do  by  the  Secretary  or  Chairman  of  the  Library  Committee 
of  the  Society  to  which  the  pamphlet  or  volume  belongs. 

Any  person  discovering  a  mutilation  or  defect  in  any  book 
of  the  libraries  is  requested  to  report  it  to  the  librarian  on  duty. 
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WANTS. 

It  is  the  earnest  desire  of  the  Library  Committee  to  com- 
plete the  files  of  the  more  important  serial  publications  in  the 
library  of  the  American  Institute  of  Mining  Engineers,  and 
for  the  furtherance  of  this  wish,  the  co-operation  of  members 
and  friends  of  the  Institute  is  respectfully  invited.  A  list  of 
the  volumes  needed  is  given  on  page  vi  of  this  BuUetin. 

Accessions. 

From  September  1  to  October  31,  1907. 

The  American  Metal  Company,  Limited. 

Mbtallgbsellschaft  and  the  Metallurgische  Gesbll- 
SCHAFT  A-G.     Comparative  SiaHsiics  of  Leady   Copper^ 
SpelteTj   TiUj  Aluminium^  Nickelj  Quicksilver  and  Silver. 
18th  annual  issue.     4to.    Frankfort-on-the-Main,  1907. 
American  Institute  of  Mining  Engineers. 

American  Institute  op  Mining  Engineers.  General  AU 
phabetical  and  Analytical  Index  to  the  TransacUonSy  Vol- 
umes 1  to  85.  Ixxix,  626  p.  8vo.  New  York,  1907. 
Price,  fS.OO,  cloth;  J6.00,  half-morocco. 

Annvjario  delta  Industria  Mineraria,  MetaUurgica  e  Chimica 
Italiana.     Anno  1.     12mo.     Torino,  1907. 
Ashland  Mining  Office. 

Supplement  to  the  Fifth  Anniversary  Edition  of  the  Oregon 
Journal,  Sept.  8,  1907-     "  The  Coming  of  the  White 
Man." 
Commissioner  of  Mines  of  tlie  Transvaal. 

Transvaal — South    Africa — Commissioner    op    Mines. 
Report  of  a  Commission    .     ,     .     to  Inquire  into  the  Use 
of  Winding  Mopes  j  Safety  Catches  and  Appliances  in  Mine 
Shafts,     cxvii  p.     f°.     Pretoria,  1907. 
Prof.  William  P.  Blake. 

Blake,  W.  P.  Ceramics,  pp.  118-226  pi.  8vo.  Paris, 
1878. 

Report  on  Iron  and  Steel,    ix,  311  p.  il.  pi.     8vo. 

Washington,  1876. 

HoRNES,  M.  Die  Fossilen  Mollusken  des  Tertiaer  Beckens 
von  Wien.  Vol.  2,  nos.  11,  12-16,  19-20.  f°.  n.  p., 
n.  d. 
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Prof.  William  P.  Blake. 

Kaiserligh — ^KoNiQLicHE  Geologisghbn    Eeiohsanstalt. 

Abhandlungm.     Vols.    1-8.     f°.     Wien,   1852,   1855, 

1856. 
Jahrbueh.    Years  1-3,  5-8,  10-15.     4to.     Wien, 

1851-'66. 

General  Register  to  Years  1-10,  1850-59. 


4to.     Wien,  1863. 

Ansprache  Gehcdten  am  Schbisse  des  I/r;iten  Deem- 


niums  der.y  Nov.  22,  1859.     87  p.  map.     8vo.     Wien, 

1859. 
Mining  Magazine  (New  York).    Vol.  5,  no.  1 ;  vol.  10,  no.  5; 

2d  ser.,  vol.   1,   nos.    1-6.     8vo.     New  York,   1855, 

1858-'60. 
Mining  Reporter.     Vol.   58,  nos.  16,  25,  26 ;  vol.   54,  nos. 

1,  8,  5-21;  vol.  55,  nos.  17,  18,  26;  vol.  56,  nos.  5,  7, 

8,  10,  11.     4to.     Denver,  1906-'07. 
P.  Blakiston's  Son  &  Company,  Philadelphia. 

Allen,  A.  H.     Commercial  Organic  Analysis,    Edition  3. 

8  vols,  in  4.     8vo.     Philadelphia-London,  1898,  1905- 

'07.     (Vol.  3,  pts.  2-3,  and  vol.  4,  ed.  2.) 

[LiBBA£iAN*s  Note. — In  the  record  of  library  accessions,  p.  xii  of  the  Sep- 
tember BirMorUhly  BuUeHn,  Part  3  of  VoL  II.  was,  by  a  typographical  error, 
acknowledged  as  *'Part  2.'*] 

[8ecbetary'b  Note.— In  the  September  Bi-MatMy  BuUetin,  I  noticed  the 
contents  of  Part  3  of  Vol.  II.  of  this  edition  of  Allen's  comprehensive  work. 
As  I  then  said,  the  issue  of  this  part  completed  the  republication  of  the  whele 
treatise  in  revised  and  modernized  form.  The  publishers,  having  learned  that 
the  Institute  library  lacked  the  rest  of  the  new  edition,  have  now  generously 
donated  the  preceding  parts,  completing  the  series  of  eight  octavos. 

The  author's  modification  of  his  original  distribution  of  topics  has  been  fol- 
lowed in  this  edition.     The  present  scheme  is  as  follows : 

VoL  I. — Introduction ;  Alcohols,  Neutral  Alcoholic  Derivatives,  etc;  £thers; 
Vegetable  Acids ;  Starch  and  its  Isomers  ;  Sugars,  etc    Price,  $4.50. 

VoL  II.— Part  I.  Fixed  Oils  and  Fats ;  Glycerine  ;  Nitroglycerin ;  Dynamite 
and  Smokeless  Powders ;  Wool-Fats ;  D^ras,  etc.    Price,  $3.50. 

Vol.  II.— Part  II.  Hydrocarbons ;  Mineral  Oils;  Lubricants;  Asphalt ;  Ben- 
zine and  Naphtalene  ;  Phenols  ;  Creosotes,  etc.    Price,  $3.50. 

VoL  IL— Part  III.  Terpenes;  Essential  Oils;  Besins ;  Camphor;  Aromatic 
Acids,  etc     Price,  $5.00. 

Vol.  in.— Part  L  Tannins;  Dyes  and  Coloring  Matters;  Writing  Inks. 
Price,  $4.50. 

VoL  IIL — Part  II.  The  Amines  and  Ammonium  Bases ;  Hydrazines  and 
Derivatives ;  Bases  from  Tar ;  The  Antipyretics,  etc.  ;  Vegetable  Alkaloids ; 
Tea,  Coffee,  Cocoa,  Kola,  Cocaine,  Opium,  etc     Price,  $4.50. 
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Vol.  m.— Part  ill  Vegetable  Alkaloids ;  Non-Basic  Vegetable  Bitter  Prin- 
ciples ;  Animal  Bases ;  Animal  Acids ;  Cyanogen  and  its  Derivatives,  etc.  Price, 
$4.50. 

Vol.  IV. — Proteoids  and  Albuminous  Principles  ;  Proteoids  or  Albuminoids. 
Price,  $4.50. 

This  arrangement  brings  together  in  each  volume  kindred  classes  of  products, 
thus  facilitating  both  the  continuous  study  of  each  department  and  the  occa- 
sional consultation  of  the  work  for  a  special  purpose.  Moreover,  the  chemist 
who  has  to  deal  with  certain  groups  of  organic  products  only  can  obtain  what  he 
desires  without  purchasing  the  whole  series — although  any  one  who  can  afford  it 
would  certainly  do  well  to  acquire  possession  of  the  whole. 

As  now  completed,  this  series  of  volumes,  issued  in  their  present  revised  form 
at  intervals  during  the  last  ten  years  (the  latest  two  in  1906  and  1907)  is  a  worthy 
monument  to  its  distinguished  author,  who  died  (in  1904)  too  early  to  finbh  his 
great  work. 

Prof.  Allen  was  fortunate  in  his  American  revisers  and  editors.  Dr.  Henry 
Leffmann,  Professor  of  Chemistry  and  Metallurgy  in  the  Pennsylvania  College 
of  Dental  Surgery  and  the  Wagner  Free  Institute  of  Science  at  Philadelphia,  and 
Dr.  J.  Merritt  Matthews,  Professor  of  Chemistry  and  Dyeing  at  the  Philadelphia 
Textile  School.  Prof.  Matthews,  indeed,  wholly  re-wrote  the  material  relating 
to  the  tanninfi,  coloring  matters  and  writing  inks,  which  now  constitutes  Vol.  III., 
Part  1,  adding,  at  the  same  time,  a  large  amount  of  later  information.  Thus, 
the  important  chapter  on  Tannins  contains  descriptions  of  new  tannin -materials, 
and  several  new  methods  of  analysis  ;  the  chapter  on  Dyes  and  Coloring  Matters 
has  been  rearranged,  and  nearly  doubled  in  extent ;  and  the  former  classification 
has  been  remodeled,  to  meet  the  demands  of  progress  in  this  most  active  branch 
of  technological  chemistry.  Another  feature  of  great  value  is  the  frequent  tabu- 
lation of  reactions  and  methods,  which  enables  the  reader,  at  a  glance,  to  take  a 
comprehensive  survey,  not  otherwise  to  be  gained  without  tedious  labor. 

It  is  impossible  to  claim  for  any  such  cyclopaedic  treatise  as  this  that  it  is  ^'up- 
to-date,''  if  by  'Mate ''  is  meant  to-day.  That  date  changes  daily,  and  in  modem 
industrial  science  every  day  registers  a  new  stage  of  progress.  But  an  extensive 
work  of  this  class,  every  part  of  which  is  *'  up  to"  its  own  date,  and  furnishes  a 
complete  and  trustworthy  picture  of  the  history  and  state  of  its  own  art,  is  inesti- 
mably and  permanently  precious  to  every  student,  because  it  makes  more  ancient 
researches  comparatively  unnecessary.  It  is  like  a  certified  and  warranted  title 
to  land — possessing  which,  the  searcher  has  only  to  look  for  later  transfers  and 
liens.  It  is  like  an  established  monument,  which  subsequent  surveys  can  safely 
take  as  a  starting-point.  And,  in  this  respect,  it  becomes  more  useful  as  the 
years  go  on,  and  the  inevitable  labor  of  research  Increases  in  geometrical  ratio. 
But,  in  order  that  it  may  serve  this  purpose,  it  must  contain  not  only  complete 
summaries  of  facts,  but  also  adequate  references  to  the  original  sources  of  its 
statements.  This  condition  also  has  been  satisfied,  in  the  volumes  before  me,  by 
abundant  references  to  technical  literature.  It  seems  to  me  that  such  works  will 
never  be  entirely  superseded  ;  that  they  will  continue  to  be  indispensable  long 
after  they  have  ceased  to  be  "up-to-date." — R.  AV.  R.] 

Smith,  E.  F.    Electro-Analysis.  Ed.  4.    viii,  886  p.  il.   8vo. 
Philadelphia,  1907.     Price,  J2.50,  net. 

[Secbetaby's  Note. — This  new  edition  of  Professor  Smith's  well-known  man- 
ual contains  important  additions,  chiefly  with  respect  to  the  rapid  precipitation 
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and  separation  of  metals,  the  use  of  a  mercury  cathode  with  rotating  anode,  and 
the  employment  of  a  new  two-oompartment  cell  in  the  determination  of  cations 
and  anions.  The  last  of  these  subjects  is  particularly  interesting  and  attractive. 
Chemists  will  he  probably  somewhat  startled  to  learn  that  the  estimation,  for 
example,  of  barium  and  chlorine  can  be  made  in  this  way  in  an  hour  less,  with 
superior  neatness  and  accuracy. 

In  theory  as  well  as  in  laboratory  practice,  the  book  is  thoroughly  up-to-date ; 
and  even  a  cursory  examination  of  it  suffices  to  show  that  it  represents  a  notable 
advance  in  analytical  methods  and  apparatus,  of  which  no  chemist  can  afford  to 
remain  ignorant. — B.  W.  R] 

Commissioner  of  Mines  of  Natal. 

South  Africa — ^Natal — Mines  Department.     Report  on 
the  Mining  Industry^  1906.     f®.     Pietermaritzburg,  1907. 
Karl  Ellers. 

Berg  und  Hutienmanniscfies  Zeitung.  Vol.  42,  nos.  18-88, 
40-48,  1903;  vol.  43,  nos.  1-19,  21-48,  50-52,  and 
index,  1904.  4to.  Leipzig,  1903-04. 
GlUckauf.  Vol.  40,  index,  1904 ;  vol.  41,  nos.  1-13,  15, 
17-45,  47-48,  51,  and  index,  1905 ;  vol.  42,  nos.  1-5, 
7-8.  1906.  4to.  Essen-Ruhr,  1904-'06. 
El  Oro  Mining:  and  Railway  Company,  liimited. 

El  Org  Mining  and  Railway  Company,  Limited.     Direc- 
tors^ Report  and  Statement  of  Accounts  for  Year  Ending 
Jane  30,  1907.     4to.    London,  1907. 
Engineering  and  Mining  Journal. 

Fulton,  C.  H.     A  Manvxd  of  Fire  Assaying,     xii,  178  p. 
il.     8vo.     New  York,  1907.     Price,  $2.00. 

[Sbcketaby's  Note. — This  latest  manual,  besides  being  ''up-to-date/'  con- 
tains some  new  features,  such  as  parts  of  the  chapters  on  ''Reduction  and  Oxida- 
tion Reactions,"  "  Crucible  Assay  and  Assay  Slags,''  and  "  Cupellation,"  which 
outline  scientifically  the  principles  of  assaying,  and  the  chapter  on  "  Errors  in 
the  Assay  for  Gold  and  Silver,*'  in  which  Prof.  Fulton  says  he  has  discussed 
the  accuracy  of  the  asssy  in  greater  detail  than  has  been  attempted  heretofore. 
The  book  is  pretty  closely  confined  to  assays  for  gold  and  silver  only,  the  assay 
of  tin,  mercury,  lead,  bismuth  and  antimony  being  treated  cursorily  in  less  than 
ten  pages,  and  that  of  copper  being  dismissed  with  the  statement  that  the  fire- 
assay  of  copper  is  practically  no  longer  in  use,  except  in  part  of  the  Lake  Supe- 
rior district  But  wilhin  the  sphere  thus  frankly  limited.  Prof.  Fulton  has 
treated  his  subject  with  great  thoroughness  and  detail,  and  his  familiarity  with 
it,  both  as  an  instructor  and  as  an  operator  and  director,  has  enabled  him  to 
produce  a  work  which  will  be  useful  to  the  technical  student,  as  well  as  to  the 
assayer  in  practice.  The  engravings  are  excellent ;  and  there  are  adequate 
indexes  of  authors  and  topics. — R.  W.  R] 
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Far  Eastern  Review  Company. 

Far  Eastern  Review.    Vol.  3,  nos.  10-12;  vol.  4,  no.  1. 
4to.    New  York,  1907. 
Rudolph  Franke. 

Sonder  abdruck  des  hiitientechnischen  TheUes  der  Mansfelder 
Festschrift  zum  X-ten  deutschen  Bergmannstage.  Bear- 
beited  von  R.  Franke.  (Separate  pamphlet,  containing 
the  technical  metallurgical  portion  of  the  Mansfeld 
Memorial  of  the  Tenth  German  Miners'  Diet.  Pre- 
pared by  R.  Franke.)     64  p.  pi.    8vo.    n.  p.  n.  d. 

[Secbktabt's  Note. — ThU  beaatif  ally  printed  and  illastrated  monognphi  pre- 
pared by  the  competent  hand  of  Metallurgical  Inspector  Franke,  of  Eisleben, 
gives  a  complete  view  of  present  practice  in  one  of  the  leading  copper-producing 
districts  of  the  world— a  district  in  which  peculiar  disadvantages  and  difficulties, 
both  in  mining  and  in  metallurgy,  have  been  overcome  by  exceptional  technical 
skill  The  Mansfeld  deposits  and  the  Mansfeld  methods  have  been  for  more 
than  a  generation  described  and  discussed  by  the  authors  of  classic  professional 
literature.  It  is  supremely  interesting  and  important  to  know  their  relation  to 
modem  conditions  of  science  and  industry  ;  and  this  knowledge  is  furnished  by 
Inspector  Franke's  exceedingly  clear  and  thorough  account. — B.  W.  R.] 

General  Electric  Company. 

General  Electric  Company.     Oeneral  Electrical  Review^ 
Sept.,  1907.     4to.    Schenectady,  1907. 
Greolog^ical  Commission  of  the  Cape  of  Good  Hope. 

Cape  of  Good  Hope — Geological  Commission.    Annual 
Report,  nth.     8vo.     Cape  Town,  1907. 
Institution  of  Mining:  and  Metallurg^y,  London. 

Institution  of  Mining  and  Metallurgy.    Bulletin  Nos. 
86,  87.     8vo.    London,  1907. 
Iron  and  Steel  Institute,  London. 

Bannister,  C.  0.  and  Lambert,  W.  J.  CaserHardening 
of  Mild  Steel     8  p.  pi.     8vo.     London,  1907. 

Bauerman,  H.  Erzberg  of  Eisenerz.  12  p.  pi.  maps. 
8vo.     London,  1907. 

Berwerth,  F.  Steel  and  Meteoric  Iron.  12  p.  8vo.  Lon- 
don, 1907. 

Carulla,  F.  J.  R.  New  Bltte-Black  Iron  Paint  as  a  Pro- 
tective Covering.     4  p.     8vo.    London,  1907. 

Demozay,  L.  Hardening  of  Steel.  36  p.  il.  pi.  8vo. 
London,  1907. 
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Iron  and  Steel  Institute,  London. 

EflRBNWBRTH,  J.  VON.     Determination  of  the  Total  Quantity 

of  Blast-Fumaee  Gas  for  a  Given  Make  and  its  Calorific 

Value.     4  p.     8vo.     London,  1907. 
JuPTNBR,  H.  VON.      Application  of  the  Laws  of  Physical 

Chemistry  in  the  Metallurgy  of  Iron.     28  p.     8vo.     Lon- 
don, 1907. 
Kestranbk,  W.     Austrian  Iron  Industry  During  the  Last 

Twenty-five  Years.     16  p.     8vo.     London,  1907. 
LoNGMuiR,  P.     Hardened  Steels.     8  p.  pi.     8vo.     London, 

1907. 
Scott,  Q.  S.     Case-Hardening.     19  p.  il.     8vo.     London, 

1907. 
Strombyer,  C.  E.     Further  Experiments  on  the  Ageing  of 

Mild  Steel.     23  p.  pi.     8vo.     London,  1907. 
Thwaitb,  B.  B.     Eccnomic  Distribution  of  Electric  Power 

from  Blast-Furnaces.     12  p.  il.     8vo.     London,  1907. 
Charles  Klrehhoff. 

Alling,  G.  W.     Points  for  Buyers  and  Users  of  Tool  Steel. 

224  p.  il.     12mo.     New  York,  1903.     Price,  f  2.00. 

[Secretary's  Note.— This  excellent  little  manual  has  been  before  the  public 
for  several  years,  and  has  proved  valuable  to  many  who,  not  technically  edu- 
cated, are  obliged  in  the  course  of  business  to  pronounce  judgment,  at  least  by 
way  of  selection  or  rejection,  upon  steel  tools  or  steel  bars  for  tools.  At  the  same 
time,  such  a  hand-book  is  sure  to  contain  many  practical  hints,  which  a  theoretic 
training  does  not  supply. 

Mr.  Ailing  writes  with  an  adequate  amount  of  scientific  knowledge  concerning 
modern  processes  and  tests  ;  but  his  style  is  adapted  to  the  average  business  man, 
and  the  topics  which  he  treats  are  eminently  practical.  The  book  is  in  two  parts, 
the  first  of  which,  in  eleven  chapters,  gives  homely  and  timely  advice  to  buyers 
of  steel,  telling  them  how  to  avoid  the  usual  stumbling-blocks  encountered  by 
the  inexperienced  ;  when  and  why  to  use  high-priced  steel ;  how  to  recognize  the 
best ;  what  grades  are  suitable  for  special  uses ;  how  to  regard  nostrums  and  new 
methods,  etc,  etc  These  chapters  are  full  of  anecdote,  wit,  and  '*  hard  sense," 
and  will  interest  every  reader.  The  second  part  contains  fifteen  chapters,  giving 
hints  as  to  the  working  of  steel ;  instructions  for  the  detection  of  imperfect  steel ; 
explanations  of  the  occasional  puzzling  behavior,  even  of  good  steel ;  and  general 
directions  concerning  the  hardening  and  tempering  of  steel.  There  are  numerous 
instructive  illustrations,  and  a  number  of  useful  tables. — R.  W.  B.] 

Konigliche  Preussische  Greologischen  Landesaiistalt 
und  Bergakademie. 

EoNiQLicflE  Preussischb  Geolooisghen  Landbsanstalt 
und  Bergaeademie.  Jahrbuch.  Vol.  24.  4to.  Berlin^ 
1907. 
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Manchester  Geolog^ical  and  Mining  Society. 

Manchbstbr  Geological  and  Mining  Society.     Transac- 
tUms.    Vol.  28,  pt.  18.     Manchester,  1904. 
Ministerio  de  Colonizacion  y  Agnricultnra  de  Bolivia. 

D'Orbiqny,  Alcides.     Estudior  Sobre  la  Geologia  de  Bolivia 
Traduddos  por  Victor  M  Marchant    xir,  104,  ii  p.  maps. 
12mo.     La  Paz,  1907. 
Minister  of  Mines  of  New  Zealand. 

Kbw  Zealand  Minister  of  Mines.  Essays  on  Mineral  Re- 
sources of  New  Zealand.  297  p.  8vo.  Wellington, 
1907. 

New  Zealand  Mines  Department.     New  Zealand  Hand- 
book, 1906.     8vo.     Wellington,  1906. 
F.  Osmond. 

Osmond,  F.  Les  Becherehes  de  O.  Cartaud  sur  Le  Passage 
de  UMai  Liquide  a  Uiiiai  SoUde.    p.  819-832. 

Eztrait  de  la  Betmt  de  MitaUurgie,  yoL  iv.,  Sept,  1907. 

R.  W.  Raymond. 

Mitsui  Mining  Company.     The  Mining  and  Mechanical  En- 
terprises of  the  Mitsui  Firm.     68,  2  p.  il.  map.     8vo. 
Tokyo,  1903. 
Royal  Statistical  Society. 

Royal  Statistical  Society.     List  of  Members,  1906-'07. 
8vo.    London,  1907. 
Scranton  Engineers'  Club. 

ScRANTON    Engineers'    Club,      Directory,    1907.      8vo. 
Scrantoa,  1907. 
Smithsonian  Institution— U.  S.  National  Museum. 

Smithsonian  Institution — ^U.  S.  National  Museum.   Pro- 
ceedings.    Vols.  10  and  11.     8vo.    Washington,  1888, 
'89. 
Dr.  Josepli  Strutliers. 

Descriptive  Catalogue  of  Economic  Minerals  of  Nova  Scotia, 
Canada.     60  p.     8vo.     Halifax,  1907. 

The  Dominican  Republic,  1907.     93  p.     8vo.     n.  p.,  1907. 

Iowa  Geological  Survey.  BvUetin  no.  2.  8vo.  Des 
Moines,  1905. 

Jamestown  Official  Publication  Company.  Official  Cata- 
logue Jamestovm  Ter- Centennial  Exposition.  70  p.  il.  map. 
8vo.    Norfolk,  1907. 
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Svenska  Teknologforenlngens. 

SvBNSKA  Tbknologforeningbns.     Fortechumg  ofver   .    .    . 
Ledamoter.    Mars,  1907.     8vo.     Stockholm,  1907. 
U.  S.— Coast  and  Geodetic  Survey. 

U.  8. — Coast  and  Geodetic  Survey.  AnnucU  Report^  1878, 
1891-'95,  1897,  1899-1904.     4to.     Washington,  1881, 
1892-1904. 
Yogel,  Otto, 

Yerbins  Dbutscher  Eisbnhuttenlbutb.   JahrbuchfUr  das 
Msenhiiitenwesen^  1904.     8vo.     Diisseldorf,  1907. 
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MEMBERSHIP. 

The  following  list  comprises  the  names  of  those  persons 
elected  as  members  or  associates,  who  accepted  election  dar- 
ing September  and  October,  1907 : 

Mbmbbrs. 

Samuel  J.  Alderman, Benton,  Gal. 

Lyndon  K.  Armstrong, Spokane,  Wash. 

Reginald  H.  T.  Brook, Ballarat,  Victoria,  Aus. 

Joseph  Brown, Socorro,  New  Mez. 

Donald  F.  Campbell, Baird  P.  O.,  OaL 

John  A.  Church,  Jr., Guanajuato,  Mez. 

Baymond  B.  Crowell, Carson  Gty,  Nev. 

Jack  Cttssons, Mineral,  Ya. 

Aobrey  P.  Fellows, Joplin,  Mo. 

Thomas  C.  Groom, Cobar,  N.  S.  W.,  Aus. 

William  A.  Eissam, Manila,  P.  I. 

John  Francis  Manning, Chicksan,  Korea. 

Bobert  McL  Moore,     Kiandra,  N.  S.  W.,  Aus. 

Roy  Webb  Moore, Tucson,  Ariz. 

Millard  E.  Shaler, Lawrence,  Ean. 

Waldo  Sheldon, Greenwich,  Conn. 

Alfred  C.  Sieboth,     Florence,  Ariz. 

Tom  B.  Starkey, Punta  Arenas,  Chile,  So.  Am. 

Henry  Twynam, Cairns,  N.  Queensland,  Aus. 

Edward  Watson, Akmolinsk,  Siberia. 

Edwin  P.  Williams, .  South  Chicago,  UL 

Associate. 

Walter  B.  Hodge, Mezico  City,  Mez. 

Necrology. 

The  deaths  of  the  following  members  and  associates  have 
been  reported  to  the  Secretary's  office  during  September  and 
October,  1907 : 

Date  of 

ElecUon.             Name.  Date  of  Decease. 

1807.    *Charle8  W.  Benton, September  9,  1907. 

1903.  *George  V.  Devinny, August  22,  1907. 

1888.     *Charles  J.  HiUard, September  12,  1907. 

1894.    *Louis  Ptlatan, ,  1907. 

1904.  *QeoTffi  W.  Rose, September  11,  1907. 

1902.    *Gilbert  C.  Simpson, September  — ,  1907. 

*  Member. 
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CANDIDATES  FOR  MEMBERSHIP. 

The  following  persons  have  been  proposed  for  election  as 
members  or  associates  of  the  Institute  during  September 
and  October,  1907.  Their  names  are  published  for  the  in- 
formation of  members  and  associates,  from  whom  the  Com- 
mittee on  Membership  earnestly  invites  confidential  communi- 
cations, favorable  or  unfavorable,  concerning  these  candidates. 
A  sufficient  period  (varying  in  the  discretion  of  the  Committee, 
according  to  the  residence  of  the  candidate)  will  be  allowed  for 
the  reception  of  such  communications,  before  any  action  upon 
these  names  by  the  Comniittee.  After  the  lapse  of  this  period, 
the  Committee  will  recommend  action  by  the  Council,  which 
has  the  power  of  final  election.  The  names  of  candidates  were 
formerly  published  in  the  various  circulars  of  the  Institute, 
issued  from  time  to  time  to  the  members.  Hereafter,  these 
names  will  appear  regularly  in  the  Bi-Monthly  Bulletin,  each 
number  of  which  will  contain  the  names  received  since  the 
issue  of  the  preceding  Bulletin. 

Members. 

William  Aplin,      Cumberland,  N.  Qaeensland,  Am. 

A.  H.  B.  Arnold, Hazel  Green,  Wis. 

Bichard  F.  Bohler, Kapfenberg,  Stjria,  Austria. 

Clifford  Douglass  Caldwell, Pennington  Gap,  Va. 

William  Henry  Goodchild, Finchley,  Middlesex,  England. 

Adolph  Julius  Greit, New  York,  N.  Y. 

John  Marriott  Grioe, Salinas,  S.  L.  P.,  Mez. 

William  Gummere, Trenton,  N.  J. 

D.  F.  Haley, West  Gore,  N.  S.,  Can. 

Harry  Bradford  Tanered  Hawkins, Ballydehob,  Ireland. 

Donnel  Foster  Hewett, Pittsburg,  Fa. 

Sefior  J.  Hohagen, Potosi,  Bolivia,  S.  America. 

Elmer  A.  Holbrook,     Hedley,  B.  C,  Can. 

Reginald  Edwin  Hore, Toronto,  Can. 

Archibald  J.  Hunt, Mapimi,  Duiango,  Mex. 

Thatcher  Bodney  Hunt, Iron  Mountain,  Oal. 

Kenji  Eaishima, Tokyo,  Japan. 

Shun  Tet  Kong, Hunan,  China. 

Robert  Balfour  Law, Glasgow,  Scotland. 

Willis  Lawrence, Yuma,  Aria. 

William  Arthur  Laycock, Haileybury,  Ontario,  Can. 
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John  Edward  Leibfried, Chicago,  III. 

Frank  Arthur  Linforth, Butte,  Mont 

Julius  A.  LewiBohn,     NewJYork,  N.  Y. 

Frederick  Fleming  Mcintosh, Glen  Otbomei  Pa. 

Alexander  Tertius  Oarson  McMaster, Toronto,  Can. 

Alfred  Marquis  Mackilligin, Tarkwa,  West  Africa. 

Robert  Marsh,  Jr., McGill,  Nev. 

Robert  Lanphier  Martin,  Jr., Pittsburg,  P^ 

EUwood  Vandiver  Matlack, St  Louis,  Mo. 

Martin  Mnnroe, Calcutta,  India. 

Wflliam  G^rge  Norrie, Bossland,  B.  C,  Can. 

De  Yilliers  Gurling  Pritchard, Cape  Colony,  South  Africa. 

Francis  Rogers  Pjne, Great  Falls,  Mont. 

William'Ramsay, Black  Mountain,  Va. 

Edwin  Colville  Boeder, Copper  Cliff,  Ontario,  Can. 

Jose  J.  Rejnoso, Mexico  City,  Mex. 

Herbert  William  Ross, Copperopolis,  Cal. 

Henry  Clans  Schmidt, Matehuala,  8.  L.  P.,  Mex. 

George  Biinton  Upton, Wickenburg,  Ariz. 

William  G.  Whildin, Lansford,  Pa. 

Edwin  F.  Yates, Reno,  Nev. 

Associates. 

E.  P.  Dudley, Britannia  Beach,  B.  G,  Can. 

John  Fred  Thomas, Sharon,  Pa. 

Change  of  Status. 

Henry  T.  Bowles,     New  York,  N.  Y. 

Walter  Roberto  Hodge, Mexico  City,  Mex. 

Sheldon  Smillie, Hancock,  Mich. 
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CHANGE  OF  ADDRESS  OF  MEMBERS. 

The  following  changes  of  address  of  members  have  been  re- 
ceived at  the  Secretary's  office  during  the  period  of  Sept  1  to 
Nov.  1,  1907.  This  list,  together  with  the  list  of  changes  of 
address  published  in  Bi-Monthly  Bulletin^  No.  14,  March,  1907, 
No.  16,  May,  1907,  No.  16,  July,  1907,  and  No.  17,  September, 
1907,  supplements  the  annual  list  of  members  corrected  to  Jan. 
1,  1907,  and  brings  it  up  to  the  date  of  Nov.  1, 1907.  The 
names  of  members  who  have  accepted  election  during  Septem- 
ber and  October,  1907  (new  members),  are  printed  in  italics. 

The  large  number  of  changes  of  address  since  Jan.  1, 
1907,  shows  the  importance  of  publishing  these  changes  as 
frequently  as  possible,  and  the  Bi-Monthly  Bulletin  has  been 
selected  as  the  means  to  present  this  information  to  the  mem- 
bers of  the  Institute.  By  the  simple  method  of  cutting  out 
these  names  and  addresses  and  pasting  them  directly  over  the 
corresponding  names  in  the  annual  list  of  members,  the  record 
can  be  kept  practically  up  to  date,  and  the  value  of  the  list 
correspondingly  increased.  For  this  purpose  the  changes  of 
address  have  been  printed  only  on  one  side  of  the  page.  The 
names  of  new  members,  being  in  italics,  are  readily  distin- 
guished from  the  others,  and  can  be  pasted  in  approximate 
alphabetical  order  on  the  margins  of  the  pages. 

Abamb,  Abthxjr  K.|  Prof,  of  Geol.  and  Mineralogy, 

New  Mexico  School  of  Minesi  Socoiro,  New  Mexico. 

Ahbe,  Fbedebick  R 22  Thirteenth  Ave.,  Newark,  N.  J. 

*  Alderman^  Samud  J,^  Qenl.  Mgr.,  Indian  Queen  and 

Blind  Spring  Hill  Mines,  Benton,  Gal.    '07. 
*Arm9iTongy  Lyndon  JT.,  Min.  Engr.  (P.  O.  Drawer  14),  615  Hyde  Block, 

Spokane,  Wash.     '07. 

Arnold,  C.  R  LeN Smuggler,  Colo. 

AsnjCT,  John  W.,  Min.  Engr.,  Care  The  British  America  Trust  Co., 

Victoria,  B.  C, Canada. 

AvEBY,  Colby  M 39  Cortland!  St,  New  York,  N.  Y. 

Basboub,  Percy  R 936  Middle  St.,  Bath,  Maine. 

Blakemobe,  George  H :.Great  Cohar,  Ltd.,  Cohar,  N.  S.  W.,  Australia. 

BowLBB,  Henry  T 36  Wall  St,  New  York,  N.  Y. 

Bradley,  Oliver  U Homitos,  Mariposa  Co.,  Cal. 
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BBiNBiiADE,  Robert  B.)  Cons.  Engr 4429  Morgan  St.,  St  Louis,  Mo* 

*Brook,  lUgmM  H,  T,,  Mine  Mgr.,  119  Errard  St., 

South  Ballarat,  Victoria,  Australia.     '07* 
Bbooks,  Bobbbt  Stew  art... Care  Dr.  L.  D.  Bicketts,  Cananea,  Sonora,  Mexico. 

Bbown,  Austin  H 501  West  St.,  Redding,  Cal. 

* J?rovn,  Josephf  Mgr Graphite  Mines,  Kelly,  New  Mexico.     '  07. 

Bruce,  James  L P.O.  Box  83,  Joplin,  Mo. 

Buck,  Arthur  H.,  Parker  &  Buck,  Cons.  Engrs.,  309  Bartlett  Bldg.,  Joplin,  Mo. 

BuDBOw,  Lester  R. Calle  Roma  41,  Mexico  City,  Mexico. 

Caxlaohan,  John  T.,  Jr 608  North  Seventh  St.,  Chester,  Pa. 

*Cbmp6eff,  Donald  F.,  Min.  Engr Heroult,  Baird  P.  0.,  Cal.     '06. 

Carr,  Percy  E.  O.,  Genl.  Mgr.,  Mazapil  Copper  Co.,  Ltd.,  Apartado  64, 

Saltillo,  Mexico. 

Carson,  George  C Vancouver,  Wash. 

*Churehj  John  A, f  Jr.,  Min.  Eng Apartado  25,  Guanajuato,  Mexico.     '07. 

Clerc,  F.  L The  Shirley  Hotel,  Denver,  Colo. 

Cosby,  Freberick  N Corbin,  Mont. 

Cox,  Steriinq  B P.  O.  Box  17,  New  York,  N.  Y. 

Cbemer,  Felix Fundicion,  Sonora,  Mexico. 

Grooke,  Robert  L 101  Beekman  St,  New  York,  N.  Y. 

Daxy,  Herbert  J.,  Care  Bank  N.  S.  W.,  64  Old  Broad  Street, 

London,  E.  C,  England. 

Dayey,  George. The  Cabin,  Weseliff-on-Sea,  Southend-on-Sea,  England. 

Dayis,  CharIiEB  Henry South  Yarmouth,  Mass. 

Douglas,  Theodore,  Prest.,  Compania  Metalurgico  y  Refinadora  del 

Pacifico,  S.  A.,  Fundicion,  Sonora,  Mexico. 

Douglass,  RossE Choix,  Sinaloa,  Mexico,  via  Nogales,  Ariz. 

Downs,  W.  F. 75  Fairview  Ave.,  Jersey  City,  N.  J. 

DuFOURCQ,  Edward  L.,  Room  435,  Produce  Exchange  Bldg.,  New  York,  N.  Y. 
Edhondson,  Horace  W.,  Veta  Colorado  Min.  &  Smltg.  Co., 

Villa  Escobeda,  Chihuahua,  Mexico. 

Eilebs,  Karl 320  Central  Park  W.,  New  York,  N.  Y. 

Emlaw,  Harlan  S Greenback  Mining  Co.,  Leadville,  Colo. 

EwiNG,  Frederic,  Draftsman,  Steptoe  Valley  Smltg.  &  Refg.  Co.,  McGill,  Nev. 
Fabish,  George  E.,  Care  University  Club,  2a  Bucareli  809,  Mexico  City,  Mexico. 

*Fellows,  Aubrey  P.,  Asst.  Supt Picher  Lead  Co.,  Joplin,  Mo.     '07. 

Ferry,  Charles  H Room  603,  114  Liberty  St.,  New  York,  N.  Y. 

Field,  Wilfrid  B American  Club,  Mexico  City,  Mexico. 

Finch,  John  W.,  Secty Goldfield  Cons.  Mines  Co.,  Goldfield,  Nev. 

Foster,  Ernest  LeN 3430  Colfax  Ave.  B.,  Denver,  Colo. 

Franke,  Emil  a  1742  Magnolia  Ave.,  Chicago,  111. 

Galvin,  Carroll  D 1311  Franklin  St.,  Oakland,  Cal. 

Garrison,  F.  Lynwood 760  Drexel  Building,  Philadelphia,  Pa. 

Gibson,  C.  H.,  Mgr.,  Trinidad  Min.  &  Smltg.  Co.,  Arcelia,  Guerrero,  Mexico. 
GtPFORD,  Stanley  D.,  Secty.  and  Treas.,  United  Copper  Co., 

74  Broadway,  New  York,  N.  Y. 

GiI/CHRIst,  Percy  C Reform  Club,  Pall  Mall,  S.  W.,  London,  England. 

GiPFS,  F.  G.  deV Irvinebank,  North  Queensland,  Australia. 

Gleebon,  Walter  G.,  Gold  Reef  Mining  Co.,  Gilt  Edge,  via  Lewistown,  Mont 

Goldberg,  Julius Instructed  to  hold  all  mail. 

Goodrich,  R.  R,  Prof,  of  Met University  of  Arizona,  Tucson,  Ariz. 

GouYARD,  Gustave  M Room  1642,  42  Broadway,  New  York,  N.  Y. 
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Graham,  KEsmra  M.,  Trigonometical  Surveyor, 

Banb-Pahang,  Federated  Malay  States,  Straito  Settlements. 
*Oro<mj  Thomas  C,  Min.  Engr.,  Great  Cobar,  Ltd., 

Cobar,  New  Soath  Wales,  Australia.    '07. 

Guess,  Gboboe  A.,  Met Tennessee  GepperCo.,  Gopperhill,  Polk  Co.,  Tenn. 

Hammok,  Wendeix  P 1204  Merchants  Exchange  Bldg.,  San  Francisco,  Oal. 

Havckel,  CHBiflTiAjr,  Gaze  Zinc  Corporation,  Broken  Hill, 

New  South  Wales,  Australia. 

Haedinge,  Hax.  W 43  Exchange  Place,  New  York,  N.  Y. 

Hardt,  J.  GoBBOK 681  Prospect  Ave.,  El  Paso,  Texas. 

Hujj,  BowlandF Pulaski  Mining  Co.,  Pulaski,  Ya. 

Hixi^  Walter  HovEY,  Cons.  Engr Tenabo,  Lander  Co.,  Nev. 

"f  Bodge,  WaUer  B.,  Min.  Engr.,  Care  Carpenter  &  Brennon^ 

619  La  Mutua,  Mexico  City,  Mexico.     '07. 

HoiT,  Herbert  L Care  Tom  Boy  Gold  Mines  Co.,  Ltd.,  Smuggler,  Colo. 

HoRSBUROH,  James,  Chillagoe  Co.,  Ltd.,Chillagoe,  North  Queensland,  Australia. 

Howell,  John First  National  Bank,  Watonga,  Okla. 

Htbinette,  Victor.. Fredericktown,  Mo. 

Ireland,  James  D. Buhl,  St.  Louis  Co.,  Minn. 

Irving,  John  D.,  Sheffield  Scientific  School,  Yale  Uniyersity,  New  Haven,  Conn. 
Jamison,  Claude  R,  Min.  Engr.,  De  La  Mars  Gold  Mountain  Mines, 

Victorville,  CaL 

jARVia,  EoyalP 1700  Cornell  Ave.,  Enoxville,  Tenn, 

Jones,  William  STRiCKLER.....Care  Banco  de  Sonora,  Alamos,  Sonora,  Mexico. 

Judge,  Arthur  T Box  88,  Erugersdorp,  Transvaal,  South  Africa. 

Kane,  Daniel  B Apartado  708,  Lima,  Peru,  South  America. 

Kimball,  Edwin  B 1204  Merchants  Exchange  Bldg.,  San  Francisco,  Cal. 

EiBKPATRicK,  Gut  H.,  United  Empire  Club, 

117  Piccadilly,  London,  W.,  England. 
*Xtmam,  WiUwm  A,,  Coal  Mining,  Genl.  Mgr.,  Insular  Coal  Co., 

Manila,  Philippine  Islands.     '07. 

Kline,  Ralph  C LaJolla,  San  Diego  Co. ,  Cal. 

Lakes,  Arthur 200  McPhee  Bldg.,  Denver,  Colo. 

Ijlncaster,  Thomas 236  West  End  Ave.,  New  York,  N.  Y. 

Lane,  Henry  M.,  Editor  of  Outings  taid  Sect*  y  of  the  Found  ry  Supply  Asso., 

1187  Schofield  Bldg.,  Qeveland,  Ohio. 

Lee,  MarcellusP 1025  W.  11th  Ave.,  Corsicana,  Texas. 

Lewis,  ClanceyM 817  Pacific  Block,  Seattle,  Wash. 

Light,  Herbert  H Apartado  20,  Hermosillo,  Sonora,  Mexico. 

Lincoln,  Francis  C.,'Prof.  of  Geology  and  Mineralogy, 

Montana  State  School  of  Mines,  Butte,  Mont 

LiNBEBERO,  Jafet Pionecr  Mining  Co. ,  Nome,  Alaska. 

LfNDeAY,  Lionel 2  Cavendish  Square,  London,  W.,  England. 

LiNViLLB,  C.  P.,  Asst  Prof,  of  Met.,  School  of  Mines  and  Met, 

Pennsylvania  State  College,  State  College,  Pa. 

Lodge,  Joseph South  Pittsburg,  Tenn. 

Lodge,  Bichard  W 375  Eighth  St,  Edmonton,  Alberta,  Canada. 

LooMis,  Edward  E 19th  floor,  90  West  St,  New  York,  N.  Y. 

LuDWiG,  Carl  P.,  Genl.  Mgr.  and  Supt.  of  Mines,  Alabama  Consolidated 

Coal  &  Iron  Co.,  12th  Ave.  and  12th  St.,  Birmingham,  Ala. 

Lttndbero,  John 79  P  Street,  Salt  Lake  City,  Utah. 

McBride,  Wilbert  G.  ,  Supt.  Sierra  Cobre  Mines,  Box  58,  Cananea, 

Sonora,  Mexico. 
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McLaughlin,  Harold  M.,  Supt  of  Mines,  Central  Chile  Copper  Co.,  Ltd., 

Panoldllo,  Coquimbo,  Chile,  South  Anierica. 

Maogeobge,  Albxand£b  J. Glendury  Grove,  Malvern,  Victoria,  Australia. 

Mannheim,  Ebnebt  A.,  Care  W.  Friedlander, 

48  Market  Lane,  London,  £.  C,  England. 
*M€mningy  JohnF,y  Min.  Engr.... Korean  Exploration  Co.,  Chiksan,  Korea.    '07. 

Meiklkham,  T.  M.  R 26  Broad  St.,  New  York,  N.  Y. 

MiLUB,  BoNALD  V.  A Care  F.  C.  Mills,  20  Union  Sc^uare,  New  York,  N.  Y. 

MiTCHSLL-BoBEBTs,  J.  F Care  U.  S.  Metals  Bef.  Co.,  Graaaelli,  Ind. 

Montis,  Enbique  de,  Tegucigalpa,  via 

Puerto  Cortez,  Bep.  of  Honduras,  Central  America. 
*Moore,  Boberi  McL,  Mech.  Engr.,  Genl.  Mgr.  Cobbe  Hole  Central  Copper 

Mining  Co.,  via  Kianadra,  New  South  Wales,  Australia.     '07. 
MosB,  Cleveland  O.,  Southern  Arizona  Smelting  Co.,  Saaoo,  via  Bed  Bock,  Arix. 

Murphy,  Thomas  D Apartado  dO,  ElOro,  Mexico. 

Neostadteb,  Abthub 238  Virginia  Ave.,  Jersey  City,  N.J. 

NiooLL,  Benjamin 59  Wall  St.,  New  York,  N.  Y. 

Nis,  Edward  A.,  Genl.  Supt.,  New  York  &  Honduras  Bosario  Mining  Co., 

San  Juandto,  Honduras,  Central  America. 

Pabrish,  Samuel  F 406  Citizens  National  Bank  Bldg.,  Los  Angeles,  Cal. 

PoMEBOT,  Ebnebt  Y King  of  Arizona  Co.,  Kofa,  Ariz. 

Pbovis,  Bichabd ...14  Penventon  Terrace,  Bedruth,  Cornwall,  England. 

Bawn,  Andrew  6 Majestic  Collieries  Co.,  Cedar,  W.  Va. 

Bead,  Thomas  T Pei- Yang  University,  Tientsin,  China. 

Bice,  George  S Boom  1903,  Tribune  mdg,,  New  York,  N.  Y. 

BiSBMANN,  Otto,  Genl.  Mgr National  Zinc  Co.,  Bartlesville,  Okla. 

BoBERTBON,  Jameb  D £1  Salado,  San  Luis  Potosi,  Mexico. 

Bobins,  Thomas. 38  Wall  St.,  New  York,  N.  Y. 

Boas,  John  G Hudson  Companies,  49  Dey  St,  New  York,  N.  Y. 

Saroent,  William  D Hutton  Park,  West  Orange,  N.  J. 

Sawers,  William  D. 3  Hillside  Gardens,  Partickhill,  Glasgow,  Scotland. 

ScHBOTER,  George  A Denver  Athletic  Club,  Denver,  Colo. 

*Shaler,  Millard  K.,  Min.  Engr 910  Ohio  St.,  Lawrence,  Kan.     *07. 

Shapleioh,  Bogsrs  W 1215  North  Nevada  Ave.,  Colorado  Springs,  Colo. 

*8heldim,  Waldo,  Mining "The  Maples,"  Greenwich,  Conn.     '07. 

*Si€ho(h,  Alfred  C,  Min.  Engr. Florence,  Ariz.     '07. 

Skewm,  Harry  R P.  O.  Box  141,  Grass  Valley,  Cal. 

SMiiiLiE,  Sheldon,  Chief  Engr.,  Quincy  Mining  Co., 

P.  O.  Box  291,  Hancock,  Mich. 

Smith,  Charles  Alfred Pilarez  Mine,  Nacozari,  Sonora,  Mexico. 

Smith,  Howard  D 619  Kohl  Building,  San  Francisco,  Cal. 

Smith,  B.  Neil Melbourne  Mansions,  Melbourne,  Victoria,  Australia. 

SosErr,  Walter  E.,  Chihuahua  Copper  Mining  Co.,  Apartado  299, 

Chihuahua,  Mexico. 
Sfenoe,  Harold  C,  Mgr.,  Steeple  Bock  Development  Co., 

Steeple  Bock,  New  Mexico. 
**Siarkey,  Tom  22.,  Aast.  Mine  Mgr.,  Care  Sociedad  Minas  de  Cobre  de  Cutter 

Cove,  Punta  Arenas,  Chile,  South  America.     '07. 

Stanton,  William  A 911-12  Beal  Estate  Trust  Bldg.,  Philadelphia,  Pa. 

Stayer,  William  H Box  336,  Guayaquil,  Ecuador,  South  America. 

Stevens,  Laurence  P 1525  Western  Ave.,  Los  Angeles,  Cal. 

8U3IMERHAYES,  M.  W P.  O.  Box  334,  Nogales,  Ariz. 
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Swain,  Habbt  L.,  Min.  Engr.  and  Mgr.,  Pacific  Copper  Co., 

3a  Alfonso  Herrera  No.  41,  Mexico  City,  Mexico. 

SwxETSBB,  Ajlthub  L. P.  O.  Box  27,  Boston,  Mass. 

Tats,  Eugene  A.  H 27  Jacobson  Bldg.,  Denver,  CoL 

Thomas,  John  W Alburtis,  Lehigh  Ca,  Pa. 

Thomas,  Marion  L.,  Min.  Engr Uniyersity  Club,  Mexico  City,  Mexioa 

Thomas,  Richard  A 43  Wall  St,  New  York,  N.  Y. 

Thomson,  Edward 419  Mackaj  Bldg.,  San  Antonio,  Texas. 

Tod,  Stuart 500  Maryland  Trust  Bldg.,  Baltimore,  Md. 

Tonkin,  Stanley  J.,  Genl.  Mgr The  Dow  Coal  Co.,  McAlester,  Okla. 

Tratlor,  Samuel  W 2BectorSt.,  New  York,  N.  Y. 

Trimble,  A.  J P.  O.  Box  179,  Oakland,  Cal. 

Turner,  George  D.  B 94  Carnegie  Ave.,  East  Orange,  N.J. 

*2\0ynam,  Henry,  Mine  Mgr.,  O.  K.  Copper  Mine,  via  Cairus, 

North  Queensland,  Australia.    '07. 

Ttbrell,  Joseph  B... 9  Toronto  St,  Toronto,  Ontario,  Canada. 

Uehlino,  Edward  A.,  Prest,  Uehling  Instrument  Co., 

199  Franklin  Ave.,  Passaic,  N.  J. 
Vatl,  Herbert  E...The  Lancefield  Gold  Mining  Co.,  Laverton,  West  Australia. 

Veatch,  John  A. 497  Pine  St,  Napa,  CaL 

Vooelstein,  Ludwig 100  Broadway,  New  York,  N.Y. 

Wadbworth,  M.  E.,  Dean  of  the  School  of  Mines  and  Metallurgy,  and  Prof. 

of  Mining  and  Geology  in  the  Pennsylvania  State  College,  State  College,  Pa. 
Warden,  Bruce  B.,  Supt  Eng., 

Nicola  Valley  Coal  &  Coke  Co.,  Ltd.,  Coutlee,  B.  C,  Canada. 

*WalMnf  Edward, Care  Spassky Zavod,  Akmolinsk,  Siberia.    '07. 

Weaver,  Isaac  S Bellevue,  Idaho. 

Weed,  Walter  H.,  General  Development  Co.,  42  Broadway,  New  York,  N.  Y. 

Wells,  Frank  B ...Divisadero,  Dept  La  Union,  Salvador,  Central  America. 

Wentz,  John  L 2025Delancey  St,  Philadelphia,  Pa. 

White,  Jeffries Zimapan,  Hidalgo,  Mexico. 

White,  Bobeson  T.,  Mgr.,  Balaklala  Cons.  Copper  Co.,  Coram,  Shasta  Co.,  Cal. 
Wilkinson,  Theodore  K.,  Care  Baltimore  Copper  Smelting  &  Boiling  Co., 

Canton,  Baltimore,  Md. 

Williams,  Edward  G 215  North  Capitol  St,  Washington,  D.  0. 

*WUUam8,  Edwin  P.,  Asst  Supt,  Blast  FuriMoes,  Illinois  Steel  Co., 

South  Works,  South  Chicago,  111.     '07. 

Willis,  Harry  T Champaign,  IlL 

WiLLBON,  Frederick  E.,  Min.  Engr.  and  Met Boise,  Idaho. 

WiuoN,  Odell Care  A.  Munson,  Medina,  Ohio. 

WiSHON,  Walter  W 501  Equitable  Bldg.,  Los  Angeles,  Cal. 

Wright,  Louis  A Care  Mine  &  Smelter  Supply  Co.,  El  Paso,  Texas. 

Woodward,  W.  M  H Harrington,  Ariz. 

Ybatman,  Pope Boom  617,  71  Broadway,  New  York,  N.  Y. 

YouNO,  James  S Paramaribo,  Dutch  Guiana,  South  America. 
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ADDRESSES  OP  MEMBERS  AND  ASSOCIATES 
WANTED. 

liame.  Last  Addroea  on  Records,  from  which  Mail  has  been  Returned. 

AndebsoN)  John  W Dunlow,  W.  Va. 

Baij)win,  J.  M P.  O.  Box  826,  Deadwood,  S.  D. 

Babkabdo,  William  S Surbriton,  Surreji  England. 

Bradley,  Richard  J.  H 15  William  St.,  New  York,  N.  Y. 

Bruce,  Thomas  G. Consolidated  Bldgs.,  Johannesburg,  S.  A. 

BuRHAKS,  Harry  H Michigan  College  of  Mines,  Houghton,  Mich. 

DoNBY,  DeWitt  C ApartadoTlB,  Mexico  City,  Mexico. 

Ekberg,  Benjamin  P. 199  Main  St,  Johannesburg,  S.  A. 

Francis,  George  G 117  St.  George's  Square,  London,  W.,  England. 

Foster,  Floyd  J Villaldama,  Nuevo  Leon,  Mexico. 

Jewett,  Eliot  C 2918  Morgan  St,  St  Louis,  Mo. 

Patterson,  Alfred  B. Boise,  Idaho. 

EsisiNOER,  Paul Great  Northern  Rj.  Co.,  Minot,  N.  D. 
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Introduction. 

From  a  geological  point  of  view,  the  iron-ores  of  the  Scandi- 
navian peninsula  may  be  classified  as  follows  : 

I.  The  ores  of  the  Archcean  crystalline  schists.  These  ores  be- 
long to  the  division  of  the  Archsean  formation,  crystallized  in 
the  anamorphic  zone  and  interwoven  with  granites ;  the  ores 
occur  associated  with  ortho-  and  para-gneisses,  granulites  and 
dolomized  or  silicified  limestones. 

II.  The  ores  of  the  porphyries  {keratophyres),  belonging  to  a 
division  of  the  Archeean  formation,  plicated  in  pre-Cambrian 
time,  but  younger  than  the  old  granites. 

III.  The  ores  of  the  basic  eruptive  rockSy  occurring  as  differen- 
tiations in  intrusives  of  diabase,  gabbro  and  norite,  forming 
stocks,  bosses  or  laccolites  within  schists  of  Archaean  and 
Silurian  age. 

IV.  Ores  occurring  in  the  metamorphosed  Cambro-Silurian  schists j 
chiefly  in  the  mica-schist  group,  characterized  by  mighty  beds 
of  limestone. 

V.  Contact-formations  connected  with  acid  eruptive  rocks  of  post- 
Silurian  age,  in  the  Archaean  gneisses  and  in  the  Silurian 
limestones  and  argillaceous  schists. 

VI.  Lake-  and  bog-ores^  belonging  to  the  most  recent  geologi- 
cal period. 

This  classification  is  neither  genetic  nor  based  on  the  age  of 
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the  ores.  However,  the  above  groups  are  well  defined,  and 
hardly  any  transitions  between  them  can  be  found.  There  is 
generally  no  difficulty  in  deciding  to  which  of  the  groups  a 
certain  ore-deposit  is  to  be  referred.  In  drawing  up  the  pres- 
ent scheme  a  consideration  of  the  rock  or  the  geological  unity 
with  which  the  diflferent  ores  are  connected  has  furnished  the 
chief  ground  of  classification. 

In  this  connection  a  review  of  the  geological  age  of  the  dif- 
ferent kinds  of  ore-bearing  rocks — which  is  not  always  the 
same  as  the  age  of  the  ores — is  of  some  interest. 

The  ores  of  Group  I.  occur  in  those  older  Archaean  rocks 
which  are  interwoven  with  granite.  With  respect  to  their 
present  characters,  form,  textures  and  mineral  constitution,  the 
ores  of  this  group  are  younger,  or,  at  least,  no  older,  than  the 
plication  of  the  rocks. 

As  for  the  age  of  those  rocks  with  which  the  ores  of  Group 
II.  are  connected,  it  seems  not  to  be  established  with  certainty, 
but  it  is  evident  that  these  rocks  belong  to  a  younger  division 
of  the  Archsean.  The  ores  frequently  exhibit  epigenetical 
characters  with  respect  to  the  rocks. 

The  ores  of  Group  III.  are  connected  with  rocks  of  highly 
varying  age :  Taberg  in  Sm&land  forms  a  laccolite  of  oli vine- 
diabase  in  the  oldest  Archaean  formation ;  Routivare  is  an  intru- 
sion in  the  metamorphosed  Cambro-Silurian  schists  of  the 
Scandinavian  .mountain-ridge  and  is,  consequently,  younger 
than  these,  which  is,  probably,  also  the  case  with  the  ore-bear- 
ing gabbro  of  Lofoten  and  Vesteraalen.  The  nepheline-syen- 
ite  in  Alno  is  post- Archaean.  The  ores  belonging  to  this  group 
are  syngenetic  formations. 

The  ores  of  Group  VI.  lie  in  rocks  of  Silurian  age;  but  it 
was  only  in  connection  with,  or  after,  the  post-Silurian  rock- 
plication  that  the  ore-formation  was  finished. 

The  ores  included  in  Group  V.  occur  chiefly  in  the  normally 
developed  Silurian  formations  of  the  Christiania  basin,  as  well 
as  in  Archaean  gneisses,  but  they  are  genetically  connected 
with  post-Silurian  eruptive  rocks,  and  consequently  of  the  same 
age  as  these. 

The  difterent  geological  ore-groups  are  characterized  by 
mineralogical  and  chemical  properties,  which  have  been  de- 
terminative of  their  technical  utilization. 
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The  lake-  and  bog-ores  of  Group  VI.  were,  on  account  of 
their  cheap  exploitation  and  easy  reducibility,  the  earliest  raw- 
material  of  iron-manufacture  in  the  Scandinavian  countries; 
but  their  importance  has  been  decreasing  as  the  iron-manu- 
facture has  become  a  great  industry.  They  occur  chiefly  in 
Sweden,  but  also  in  Norway. 

The  ores  of  Group  I.  were  next  utilized.  Owing  to  the  ab- 
sence of  phosphorus  and  to  other  excellent  qualities  character- 
izing some  of  these  ores,  they  were  for  centuries  the  only  ores 
that  were  mined  in  Sweden,  and  they  have  been  the  raw -ma- 
terial of  the  Swedish  iron  that  has  won  world-wide  renown. 
These  ores  occur  especially  in  Sweden,  but  also  in  certain 
parts  of  Norway. 

The  ores  of  Group  11.  could  not  for  a  long  time  be  utilized 
on  account  of  their  high  percentage  of  phosphorus ;  moreover, 
the  situation  of  the  deposits  in  the  extreme  north  of  the  Scan- 
dinavian peninsula  discouraged  mining  enterprises.  Some  of 
the  deposits  of  this  group  are  among  the  greatest  in  the  world. 
Thanks  to  the  basic  refining  methods,  they  have  now  gained 
great  importance,  and  are  more  and  more  utilized  for  the 
Swedish  iron  industry ;  having,  however,  as  yet  chiefly  given 
rise  to  an  ore-export  on  a  large  scale.  The  ores  of  this  group 
occur  only  in  Sweden. 

The  ores  of  Group  ILL  are  chemically  characterized  by  a 
high  amount  of  titanium,  which  makes  them  very  difficult  to 
reduce.  They  have  hitherto  been  made  use  of  on  a  very  small 
scale  only.  Vast  deposits  of  them  occur  in  both  Sweden  and 
Norway. 

The  ores  of  Group  IV.  occur  only  in  the  metamorphosed 
Silurian  formations  of  Norway.  They  are  characterized  by  a 
comparatively  low  percentage  of  iron,  and  have  not  as  yet 
been  utilized  for  the  Scandinavian  iron-industry,  but  prepara- 
tions are  going  on  for  mining  and  exporting  them  on  a  large 
scale  after  subjecting  them  to  magnetic  concentration. 

The  iron-ores  of  Group  V.  have  a  limited  distribution  within 
the  Silurian  and  Archaean  rocks  of  the  Christiania  basin.  They 
Are  of  no  practical  importance. 
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Group  I. — The  Ores  of  the  Arch^an  Crtbtalline  Schists. 

Distribution. 
These  ores  are  chiefly  distributed  within  "  the  ore-province 
of  central  Sweden"  (see  Fig.  1).  Outside  of  that  area  they 
occur  in  the  province  of  Norrbotten  (Gellivare,  Svappavare, 
etc.),  in  northern  Sweden,  and  in  Varanger,  in  northern  Nor- 
way. On  the  southern  coast  of  Norway,  in  the  neighborhood 
of  Kragero  and  Arendal,  there  is  an  isolated  district  carrying 
these  ores. 

The  Rocks. 

The  ore-bearing  rocks  of  the  ore-province  of  central  Sweden 
are  chemically  and  petrographically  unlike  the  more  monot- 
onous gneiss-  and  granite-areas  which  surround  them.  On  the 
whole,  they  constitute  a  quartz-feldspar  formation  in  which 
purer  quartzitic  rocks,  limestones,  "^Aam  "-rocks  and  ore- 
bodies  are  very  subordinate  members.  {Skam  is  the  Swedish 
name  for  rocks  of  varying  composition,  mostly  consisting  of 
lime-,  magnesia-,  iron-  and  alumina-silicates  of  the  pyroxene-, 
araphibole-  and  garnet-groups;  as  secondary  minerals,  epidote, 
chlorite,  biotite  and  talc  occur.  The  skarn  is  scarcely  an 
independent  rock  but  is  connected  with  the  ore-deposits.  It 
is  formed  through  an  interchange  between  the  silica  of  the 
quartz-feldspar  rocks  and  the  basic  constituents  of  the  ore- 
formation.)  Among  the  feldspar-rocks  there  are  certain  types, 
which  occur  constantly  in  different  areas — viz.,  the  amphi- 
bolitic  plagioclase-rocks  and  the  granulitic  rocks  composed  of 
quartz  and  alkaline  feldspars.  Among  the  latter  soda-granulites 
as  well  as  potash-granulites  are  met  with ;  also  the  correspond- 
ing gneisses  occur.  Differentiations  of  pure  quartz-muscovite- 
rocks  and  rocks  richer  in  alumina  constitute  more  subordinate 
types. 

H.  Johansson,  in  a  highly  remarkable  contribution  to  the 
subject,*  has  recently  pointed  out  some  characteristics  in  the 
composition  of  the  ore-bearing  formation.  He  shows  that 
within  certain  areas  a  complex  of  granulitic  and  amphibolitic 
rocks  is  met  with  under  conditions  recalling  the  products  of  a 

*  Oeol.  Form  Forhandl.y  Stockholm,  vol.  xxvili.,  pp.  516  to  538  (1906)  ;  vol. 
xxix.,  pp.  148  to  186  (1907).     The  end  of  this  paper  is  not  yet  published. 
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magmatic  diflferentiation.     The  amphibolites  (generally  called 
dioritic  schists)  correspond  to  decided  feraic  rocks  with  a  con- 


tent of  SiO,  not  exceeding  58  per  cent,  while  the  granulites 
correspond  to  salic  rock-types  with  at  least  67  per  cent,  of  SiO,. 
The  intermediate  members  are  almost  lacking. 
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The  amphibolites  have  the  compoBition  of  diorites  and  must 
be  conBidered  as  stretched  and  dynamo-metamorphosed  dioritic 
rocks.  A  part  of  the  granulites  correspond  chemically  to 
known  types  of  granite.  Thus  it  is  highly  probable  that 
igneous  rocks  enter,  to  a  great  extent,  into  the  composition  of 
the  ore-bearing  granulite-formation. 

Chemically  the  granulites  may  be  divided  into  two  groups: 
one  containing  the  types  with  predominating  plagioclase  feld- 
spar; the  other  showing  plagioclase-  and  orthoclase-feldspars  in 
equal  quantity,  or  with  the  latter  predominating.  On  the  whole, 
the  distribution  of  rocks  rich  in  soda  among  the  ore-bearing 
granulites  seems  to  be  considerable. 

Among  the  ore-bearing  gneisses  and  Aa^^m^a-rocks  also,  the 
rocks  rich  in  soda  are  frequent.  The  potash-rich,  red  ^^jdmgneisSy^' 
with  a  more  granitic  composition,  and  the  "garnet-gneisses,'* 
rich  in  alumina,  contain,  on  the  contrary,  very  few  ore-deposits. 

The  quartzitic  rocks  within  the  granulite-formation  are 
nearly  free  from  iron-ore-deposits,  but  often  contain  sulphide 
ores  instead.  The  zones  carrying  these  ores  are  often  charac- 
terized through  a  series  of  quartzitic  rocks  containing  antho- 
phyllite,  cordierite,  light  garnet,  etc. 

Structures, — ^According  to  their  coarser  or  finer  crystalline 
structure,  the  ore-bearing  rocks  are  divided  into  gneisses, 
granulites  and  hdUeflintor^  the  latter  sometimes  porphyritic.  The 
ore-deposits  prefer  the  fine-grained  rock  (granulites),  but  are 
also  found  in  the  coarse-grained  gneisses  as  well  as  in  the  com- 
pact hdlleflintor.  As  already  pointed  out,  these  rocks  are  very 
nearly  related,  chemically.  Yet  it  is  evident  that  the  iron-ore- 
deposits  are  in  some  way  connected  with  the  rocks  of  granu- 
litic  structure;  greater  or  smaller  ore-deposits  are  found  in 
nearly  all  the  granulitic  zones;  and  even  the  deposits  in  gneissic 
rocks  lie  not  far  from  the  boundary  of  the  granulite.  It  is  also 
noteworthy  that  the  ores  in  the  gneisses  are  generally  not 
directly  surrounded  by  true  gneiss,  but  that  the  rock  close  to 
the  ore-deposit  assumes  a  more  fine-grained,  granulitic  struc- 
ture. This  is  observed  at  several  ore-deposits  in  the  gneisses 
of  southern  Dalarne  (in  the  parishes  of  St.  Tuna  and  Ludvika), 
as  well  as  in  Sodermanland.  A  much  more  close-grained 
structure  is  also  observ.ed  in  certain  granulites  in  the  vicinity 
of  the  ore-bodies,  where  the  rock  may  assume  a  compact  hdlU- 
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JUniOrlike  structure — for  instance,  at  the  mines  of  Skottgrufvan, 
Qviddberget  in  Dalarne  and  others. 

It  is  most  probable  that  the  granulitic  structure  in  general 
is  due  to  ft  recrystallization  under  stress  and  movement,  within 
the  anamorphic  zone  of  depth.  The  coarser  gneissic  and 
granitic  rock-material  has  thus  been  granulated,  and  the  size 
of  the  grain  reduced.  This  has  been  the  case  not  only  over 
the  broader  granulitic  areas  but  also  along  the  granulitic  zones 
in  the  gneissic  areas,  which  thus  in  a  certain  way  correspond  to 
shearing-zones.  Simultaneously  with  the  mechanical  deforma- 
tion of  the  rock-masses  there  has  been  also  a  supply  of  iron- 
bearing  magmatic  material  by  solutions,  imparting  to  the  ore- 
deposits  their  present  peculiar  epigenetic  characters. 

To  the  processes  undergone  by  the  granulitic  formation  dur- 
ing submersion  in  the  anamorphic  zone  belongs  also  the  intru- 
sion of  the  numerous  pegmatitic  dikes  which  at  so  many  mines 
{e,g.j  the  mines  of  Pershyttan,  Grangesberg,  Ludvika^district, 
Gellivare)  penetrate  the  ore-deposits  as  well  as  the  surrounding 
rocks.  These  pegmatites  are  to  be  considered  as  secretions 
with  a  low  temperature  of  crystallization,  deposited  from  aqueo- 
igneous  solutions  in  contraction-fissures  due  to  the  cooling  of 
the  surrounding  rock. 

A  porphyritic  structure,  denoting  effusive  surface-rocks,  is 
observed  in  several  hdUeflintor  (Dannemora,  Uto).  Other  struc- 
tures characteristic  of  surface-rocks,  such  as  more  or  less 
evident  stratification,  may  be  seen  in  the  rocks  surrounding 
several  ore-deposits  {e.g.^  Striberg  and  Uto).  The  stratification 
is  locally  shown  as  a  striping  in  the  contact  between  the  lime- 
stone and  the  hdlleflinta  at  Dannemora.  In  other  ore-deposits, 
especially  those  of  the  skam-ore  type,  it  is  common  that  the 
rock  close  to  the  ore-body  exhibits  an  irregular  or  twisted  struc- 
ture (as  at  Persberg),  or  is  traversed  by  numerous  fissures,  or 
even  becomes  brecciated  (as  at  Gellivare).  This  seems  to  in- 
dicate that  the  ores  were  deposited  in  shearing-zones,  or  per- 
haps that  the  chemical  changes  connected  with  the  replace- 
ment of  the  rock-constituents  by  the  ore-substance  caused  a 
considerable  reduction  of  volume,  followed  by  the  disturbance 
of  the  rock  referred  to. 

A  secondary  form,  often  observable  in  the  granulite,  is  the 
linear  structure  caused  by  stretching  of  the  rock.     This  often 
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shows,  as  at  Lekomberga  and  Vintjern  in  Dalarne,  a  connec- 
tion with  the  form  of  the  ore-bodies,  where  the  stretching  is 
conformable  to  the  pitch  of  the  ore-bodies  and  to  the  linear 
structure  of  the  surrounding  rocks. 

The  true  nature  of  the  granulite-formation  seems  hardly  to 
be  fully  explained,  but  it  certainly  contains  rocks  of  different 
origin.  That  the  amphibolites  and  a  great  part  of  the  real 
granulites  are  igneous  rocks  of  deep-seated  origin,  seems  to  be 
beyond  doubt.  But  the  residual  structure  of  some  of  the  hdUe- 
JUntor  makes  it  probable  that  these  are  igneous  surface-rocks. 
Other  surface-rocks  are  the  limestones  and  the  quartzites. 
The  very  rare  conglomerates  belong  to  a  younger  division  of 
the  Archaean  than  the  ore-bearing  granulite  formation.  As  in 
older  times  **  graywacke  "  was  a  common  name  for  a  number 
of  imperfectly  known  rocks,  so  it  is  to-day  with  the  name 
granulite  (or  "  hdUeflinta-gneiss  "  of  the  Swedish  Geological  Sur- 
vey). Further  investigations  will  certainly  divide  this  group 
into  rocks  of  very  different  nature  and  origin,  only  having  in 
common  certain  structural  features.  The  same  is  true  as  to 
hdUeflinta. 

In  the  ore-bearing  district  of  southern  Norway  (Arendal, 
Nas,  Kragero)  which  in  most  points  agrees  with  central  Sweden, 
the  chief  rocks  are  fine-grained  gneisses,  amphibolites  and 
quartziferous  rocks. 

The  Rocks  of  the  Ore^Frovmce  of  Norrbotien. — The  geology  of 
this  wide  district  is  somewhat  complicated.  Granitic  rocks, 
together  with  syenite,  syenitic  porphyries  and  crystalline  schists, 
here  dominate  in  it ;  moreover,  basic  eruptives  of  the  diorite 
and  gabbro  family  are  frequent.  A  series  of  clastic  rocks 
(metamorphosed  sandstone  and  conglomerate,  together  with 
limestone)  of  indeterminate  age  is  exposed  in  several  places. 

The  rocks  of  syenitic  composition — i.  ^.,  real  syenite,  syenitic 
porphyry  and  granite — are  found  in  Norrbotten  to  a  larger 
extent  than  in  central  Sweden.  The  same  may  also  be  the 
case  with  the  basic  eruptives  of  the  gabbro  and  porphyrite 
families.  The  rocks  of  both  regions  consist,  however,  mainly 
of  granites,  gneiss-granites  and  granulites — i.  e.,  quartz-feldspar 
rocks. 

The  granites  are  not  ore-bearing,  and  seem  not  to  be  even 
indirectly  connected  with  the  formation  of  the  ore.    The  granu- 
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lite  contains  several  large  ore-deposits  of  the  same  type  as 
those  of  central  Sweden  (Gellivare,  Svappavare).  The  largest 
deposits  are,  however,  genetically  connected  with  the  syenitic 
and  porphyritic  rocks  (Kiirunavaara,  Luossavaara,  etc.),  belong- 
ing to  Group  II.  of  the  preceding  classifications.  The  gabbro- 
rocks  of  the  district  have  their  special  deposits  (Routivare) 
belonging  to  Group  III. 

The  rocks  inclosing  the  iron-ores  of  Varanger  in  the  north- 
eastern part  of  Norway  are  chiefly  gabbros,  amphibolites  and 
quartz-feldspar  rocks.  According  to  G.  Henriksen,  who  re- 
ported upon  these  ores,  the  rocks  are  of  igneous  origin,  but 
strongly  metamorphosed. 

The  Ores. 

The  ores  belonging  to  this  group  may  be  divided  into 
five  sub-groups  or  types.  The  classification  given  below  de- 
rives its  origin  from  the  metallurgical  experiences  of  former 
times,  when  the  Swedish  iron-ores  were  divided,  according  to 
their  behavior  in  the  blast-furnace,  into  three  kinds  :  (1)  ores 
smelting  in  the  blast-furnace  without  any  flux,  corresponding 
to  the  type  C,  in  which  the  gangue  itself  contains  the  com- 
components  of  an  easily  fusible  flux;  (2)  the  quartzose  ores, 
corresponding  to  types  A  and  B,  which  require  the  addition  of 
flux-making  bases ;  and  (8)  the  ores  rich  in  lime,  corresponding 
to  type  D,  generally  used  to  make  suitable  charges  by  mixture 
with  the  quartzose  ores.  This  division,  founded  on  the  practi- 
cal utilization  of  the  ores,  was  adopted  in  1874  by  Anton 
Sjogren,  who  pointed  out  that  the  old  division  of  the  blasts 
furnace  men  corresponds  to  distinct  geological  ore-types.  The 
apatite-ores,  having  at  this  time  no  great  utilization,  were  not 
included  in  the  system.  In  1893, 1  added  the  apatite-ores  as  a 
special  type,  in  which  I  have  been  followed  also  by  H.  Johans- 
son in  his  discussion  of  the  genesis  of  the  Swedish  iron-ores. 
Later  on  I  divided  the  quartz-bearing  ores  into  two  types,  A 
andB. 

Type  A.  Ores  containing  apatite  (type  of  Grangesberg, 
Gellivare). 

Type  B.  Mixed  hematite  and  magnetite,  rich  in  silica  and 
alumina  and  with  a  scaly  or  flaky  structure  (type  of  Lomberget). 

Type  C.  Banded  quartziferous  hematites,  rich  in  silica,  and 
with  a  striped  structure  (type  of  Striberg). 
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Type  D.  Magnetite  ores  associated  with  silicates  of  lime, 
magnesia  and  alumina  (type  of  Persberg). 

Type  E.  Magnetite  and  hematite-ores  associated  with  lime- 
stone and  dolomite  (type  of  Dannemora  and  L^ngban). 

Between  the  different  types  transitional  members  may  be 
found ;  but  these  are  quantitatively  subordinate,  and  all  the 
important  deposits  belong  to  some  of  the  above-defined  types. 

From  a  chemical  point  of  view,  these  types  form  a  series 
from  the  most  acid,  containing  up  to  60  per  cent.  8iO„  to  the 
most  basic,  type  E,  with  only  a  few  per  cent,  of  8iO,. 

Taking  into  consideration  all  the  chemical  and  geological 
characters  of  the  ores,  H.  Johansson  has  arranged  the  difterent 
ore-types  in  the  following  order  :  apatite-ores,  quartz-ores  rich 
in  alumina,  quartz-banded  ores,  ^Aarn-ores,  and  ores  with  lime- 
stone. 

Type  A.  Apatite-Ore. — ^Besides  the  apatite,  which  may  be  uni- 
formly intermixed  or  distributed  in  stripes  in  the  ore-mass,  the 
gangue  consists  only  of  a  few  per  cent,  of  silica  and  feldspar. 
These  ores  originally  were  magnetite,  but  in  many  places 
have  been  altered  to  specular  hematite  through  a  process  which 
simultaneously  reduced  the  percentage  of  apatite.  The  apatite- 
ores  are  richer  in  iron  (of  which  they  carry  from  60  to  65  per 
cent.)  than  the  other  types.  The  ore-bodies  are  generally  well 
defined  against  the  country-rock,  and  are  frequently  bounded,  at 
least  on  one  side  of  the  ore,  by  "  skol "  formations  consisting 
of  biotite,  amphibolite  or  chlorite.  They  belong  especially  to 
the  part  of  the  granulitic  formation  characterized  by  amphi- 
bolite and  plagioclase-granulite.  As  in  the  type  B  also,  dikes 
of  pegmatite  are  frequently  present  to  a  considerable  extent. 

In  the  ore-province  of  central  Sweden  the  apatite-ores  are 
represented  by  a  number  of  important  deposits,  containing 
more  than  half  the  available  ore-quantity.  They  are  confined 
to  a  comparatively  narrow,  district  in  the  southern  part  of 
Dalarne,  containing  the  Grangesberg,  Hammar,  and  Blotberg 
mines,  and  several  others.  In  the  ore-province  of  Norrbotten 
this  type  is  represented  by  Gellivare. 

In  southern  Norway  this  type  also  occurs,  represented  by  the 
Nissedal  deposit  and  by  the  Soldal  and  Lyngroth  mines. 

These  ores  are  either  products  of  magmatic  differentiation  in 
the  granulite  or  of  metasoraatic  replacement  of  the  feldspar- 
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rock  by  iron-bearing  solutions  in  the  anamorphic  zone.  Con- 
sidering that  only  the  first-named  way  of  formation  would  ex- 
plain the  constant  large  amount  of  apatite  in  the  ore,  I  look 
upon  that  hypothesis  as  the  more  probable. 

Type  B.  Mixed  Hematite  and  MagnetUe. — The  ores  Of  this 
type,  as  is  indicated  by  their  territorial  distribution,  are  nearly 
related  to  the  preceding.  They  also  show  transitions  to  the 
ore-deposits  of  the  next  following  type;  but  the  regular  band- 
ing is  not  developed,  although  a  certain  parallel  structure  is 
frequently  to  be  seen.  The  ores  of  this  type  are  scaly  or 
granular  in  structure,  and  consist  generally  of  magnetite  and 
specular  hematite  mixed.  The  gangue  is  chiefly  quartz, 
together  with  some  mica  and  feldspar — ^the  same  constituents 
as  compose  the  wall-rock.  The  percentage  of  iron  is  generally 
from  50  to  55  per  cent.,  and  richer  concentrations  are  not  very 
common. 

The  ore-bodies  exhibit  generally  no  defined  boundaries,  but 
show  transitions  into  the  wall-rock;  frequently  (e.g.y  in  the 
Ludvika  district)  the  ore  is  disseminated  as  a  lean  impregna- 
tion in  the  rock. 

Characteristic  are  the  numerous  pegmatitic  dikes,  evidently 
segregations  of  the  wall-rocks,  crystallized  in  fissures  of  con- 
traction in  the  anamorphic  zone.  They  correspond  to  the 
segregations  of  quartz,  so  numerous  in  the  ore-bodies  of  type  C. 

These  ores  are  evidently  formed  through  injection  of  iron- 
bearing  solutions  in  the  schistose  rocks  and  partial  replacement 
of  the  rock-forming  minerals ;  the  ore  thus  being  much  younger 
than  the  inclosing  rock.  They  are  found  in  their  typical 
development  only  in  two  areas — viz.,  in  the  Nora  district  (the 
Pershytte  and  some  other  mines);  and  in  the  Grangesberg  dis- 
trict (the  Lomberg,  Ormberg  and  Blotberg  mines,  and  the 
greater  part  of  the  Ludvika  mines). 

Type  C.  Quartz-Banded  Ores. — ^This  type  is  characterized  by 
the  regular  striping  due  to  the  alternation  of  ore  and  gangue, 
often  even  as  clear  as  that  of  the  banded  jasper  in  the  Lake 
Superior  ores.  The  ore  is  chiefly  specular  hematite;  the 
gangue  mostly  quartz  (e.g.y  Striberg,  V.  Bispberg,  Norberg 
in  part).  In  several  mines,  however,  lime-silicates  in  the  form 
of  garnet   (Norberg,  Grasberg)   or   amphibole   (Stripa,   TJto) 
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enter  into  the  gangue ;  the  striping  is  then  less  regular.     Epi- 
dote  is  found  as  a  secondary  constituent. 

The  deposits  of  this  type  often  constitute  regular  bed-formed 
ore-bodies  without  any  skolavy  but  generally  sharply  defined 
against  the  wall.  The  iron-percentage  is  generally  60  to  55 ; 
but  richer  secondary  concentrations  of  magnetite  are  found  in 
numerous  mines. 

The  regular  striped  structure  has  generally  been  considered 
as  a  primary  stratification,  in  accordance  with  the  view  applied 
to  the  balided  jasper,  with  which  this  structure  fully  agrees ; 
frequently  the  striping  is  plicated  and  contorted.  If  it  thus 
corresponds  to  an  original  stratification,  these  ores  must  have 
been  formed  through  the  alteration  of  stratified  rocks  with 
maintenance  of  the  structure.  If,  on  the  other  hand,  this  pecu- 
liar structure  is  a  secondary  feature,  produced  during  the  re- 
placement-process, which  seems  to  be  more  probable,  the  ores 
have  been  formed  by  a  more  thorough  replacement  of  the 
original  rock.  H.  Johansson,  who  considers  the  ore  of  this 
type  to  be,  like  all  the  other  ores  of  central  Sweden,  a  product 
of  magmatic  differentiation,  looks  on  the  striping  as  produced 
through  "  a  pure  physico-chemical  process."* 

The  most  important  deposits  of  this  type  are  found  in  several 
districts — viz.,  Strilj^rg,  Strossa,  Stripa  in  the  governmental 
district  of  Orebro,  If  orberg  in  Vestmanland,  Bispberg  and  Gras- 
berget  in  Dalarne,  Uto  in  the  governmental  district  of  Stock- 
holm, etc. 

Type  D.  The  "  Skarn  "-Ores. — These  ores  are  regularly  accom- 
panied by  a  gangue-rock  consisting  of  lime-,  magnesia-  and 
alumina-silicates,  of  the  pyroxene-,  amphibole-  and  garnet- 
groups,  together  with  their  products  of  alteration,  epidote, 
chlorite,  talc  and  serpentine.  The  gangue  generally  constitutes 
bed-like  deposits,  joining  the  different  ore-bodies.  The  latter 
are  generally  more  irregular  in  form  than  those  of  the  preced- 
ing types,  and  are  frequently  bounded  by  skolar.  They  con- 
sist of  magnetite  containing  about  55  to  60  per  cent,  of  iron, 
and  are  especially  frequent  on  the  contacts  between  granulite 
and  limestone  or  dolomite  (Persberg,  Nordmark),  or  between 
granulite  and  diorite  (Hogborn  mines). 

*  Oeol.  r&ren,  Farhandl,,  Stockholm,  vol.  xxix.,  p.  186  (1907). 
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The  ores  of  this  type  have  often  been  formed  by  metasomatic 
replacement  of  limestone  and  dolomite  by  iron-bearing  solu- 
tionSy  the  ore  and  the  minerals  composing  the  gangue  thus  be- 
ing of  younger  formation  than  the  rocks. 

They  occur  mostly  in  the  western  part  of  the  ore-province  of 
central  Sweden,  at  Persberg,  Nordmark,  Taberg  in  Verm  land, 
Dalkarlsberg  and  Klacka  Lerberg  in  the  governmental  district 
of  Orebro;  some  of  the  JTorberg  mines  in  Vestmanland  and 
the  Nyang  mines  in  Gestrikland  belong  also  in  this  class, 
together  with  the  ore-deposits  of  Arendal  in  southern  Norway, 

Type  E.  Limestone-Ores. — ^These  ores  are  characterized  by 
their  occurrence  in  or  together  with  limestone  and  dolomite ; 
they  frequently  contain  manganese.  The  gangue  is  composed 
of  several  silicates  of  manganese,  such  as  knebelite,  tephroite, 
rhodonite,  and  manganese-garnet.  The  ores  are  sometimes  asso- 
ciated, as,  for  instance,  at  L&ngban,  with  manganese-ores  (haus> 
mannite,  braunite). 

The  ore-bodies,  being  metasomatic  deposits  in  limestone,  are 
very  irregular  in  form.  They  are  frequently  bounded  by 
skblar.  The  source  of  the  iron  in  the  solutions  which  pro- 
duced metasomatic  replacement  may  have  been  either  the 
limestone  or  some  external  rock. 

These  ores  only  occur  in  connection  jivith  limestone  and 
dolomite.  The  most  prominent  representatives  are  L&ngban 
in  Vermland,  the  Vikers  mines,  Svartvik,  and  the  Stallberg 
mines  in  the  governmental  district  of  Orebro  and  Dannemora 
in  Upland. 

The  Origin  of  the  Ore-Deposits. 

During  the  last  century  the  ores  of  this  group  were  regarded 
by  Swedish  geologists  as  sedimentary  deposits,  laid  down  to- 
gether with  the  over-  and  underlying  granulite  formation. 
Such  opinions  were  advocated  by  A.  Erdmann,  Anton  Sjogren, 
A.  E.  Tornebohm,  B.  Santesson  and  others ;  among  the  Norwe- 
gian geologists  Vogt  has  with  eagerness  developed  this  theory.* 

'  See,  for  instance,  J.  H.  L.  Vogt,  De  lagformigt  optraedende  jernmalmfore- 
komster,  Qeol.  Faren.  Forhandl,  vol.  xvi.,  p.  275  (1894) ;  Dunderlandsdalens  jem- 
malmfelt,  Norgts  Qeol.  Underwgelaej  No.  16,  pp.  56  to  63  (1894);  Om  de  lagrade 
jernmalznsfyn-digheternas  bildningsBatt,  Werml,  Bergsmannofor  Ann.  (1896). 

The  same  opinion  has  also  been  expressed  by  several  foreign  geologists,  for  in- 
stance, De  Laanay,  Annalts  des  Mines,  Tenth  Series,  vol.  iv.,  pp.  49  to  209  (1903), 
as  well  as  in  the  German  treatises  on  Ore-Deposits  by  Beck  (1901),  and  Stelzner- 
Bergeat  (1906), 
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Only  with  respect  to  the  Gellivare  ores,  opinions  were  much 
divided,  and  several  geologists — e.g.y  Lundbohm,  v.  Post  and 
Lofstrand — believed  them  to  be  of  igneous  origin. 

Since  1890,  the  present  writer  has  in  several  papers  argued 
that  metasomatic  processes  undoubtedly  played  a  prominent 
part  in  the  formation  of  these  ores,  and  has  been  able  to  point 
out  several  analogies  with  the  iron-ores  of  the  Lake  Superior 
region. 

In  this  paper  I  shall  attempt  to  show  that  the  metasomatic 
processes  must  have  taken  place,  not  in  the  surface-zone  but  in 
the  anamorphic  zone,  and  that  the  ores  bear  fully,  in  their  min- 
eralogical  features  and  association,  characters  of  formations  of 
the  deep-seated  zone. 

In  several  cases,  it  may  not  be  possible  to  determine  whether 
the  original  iron-bearing  material  was  the  product  of  primary 
magmatic  diiferentiation,  as  in  the  apatite-ores,  or  iron-bearing 
magmatic  solutions  producing  metasomatic  deposits,  as  in  the 
lime-  and  skam-OT^^y  or  possibly  altered  chemical  sediments, 
as  in  the  quartz-banded-ore  type. 

The  iron-bearing  solutions  may  frequently  have  been  of 
magmatic  origin,  thus  carrying  iron-bearing  material  from  be- 
low ;  or  it  may  be  that  the  very  small  amount  of  water  con- 
tained in  the  rocks  was  sufficient,  under  the  condition  of 
dynamic  metamorphism  in  the  anamorphic  zone,  to  collect 
and  concentrate  the  iron  particles.  The  occurrence  of  ore- 
deposits  in  connection  with  surface-rocks,  above  pointed  out,  and 
their  absence  in  the  greater  granite  laccolites  seems  to  prove 
that  the  deposits  are  formed  in  a  depth  less  than  that  in  which 
the  granite  consolidated,  but  still  in  the  anamorphic  zone. 

Arguments  Against  the  Sedimentation  Theory. — That  these  de- 
posits are  not  sedimentary  is  indicated  by  the  fact  that  the 
surrounding  rocks  are  igneous.  So  long  as  the  granulite  of 
Grangesberg  and  Gellivare  was  considered  a  sedimentary 
rock,  it  was  possible  to  ascribe  the  same  nature  to  the  ore-de- 
posits. But  this  foundation  of  the  sedimentary  theory  seems 
more  and  more  to  give  way. 

Again,  the  form  of  these  ore-deposits  differs  as  widely  as 
possible  from  that  of  stratified  bodies.  They  have  been 
termed  lenses,  stocks,  lineals,  etc.  In  general,  they  are  much 
more  irregular  than  is  consistent  with  a  sedimentary  formation. 

[15] 


892      QEOLOaiCAL   RELATIONS   OF   SCANDINAVIAN   IRON-ORES. 

Sometimes  these  ores  divide  or  branch  into  the  surrounding 
rock  (see  Fig.  2,  showing  the  central  part  of  Dannemora),  a 
feature  which  does  not  agree  with  any  known  form  of  primary 
sedimentation,  but  must  be  interpreted  as  secondary.  At  other 
places,  the  ore  incloses  portions  of  the  surrounding  rock, 
which  sometimes  take  the  form  of  irregular  sinuous  bands, 
cutting  obliquely  through  the  ore  from  the  hanging-wall  to  the 
foot-wall.  (See  Fig.  8,  showing  the  central  part  of  Granges- 
berg.)  In  such  cases  it  appears  that  the  overlying  and  the 
underlying   rock,  together    with   the   narrow  partition-walls 


Diorito 


jOancue 

FiQ.  2. — Dannemoba  Mine,  Central  Pabik 


between  the  ore-lenses,  form  "  a  continuous  whole,  pre-existing 
to  the  ore."  This  mode  of  occurrence  also  is  incompatible 
with  sedimentary  deposition. 

In  a  few  cases  only,  a  structure  resembling  primitive  strati- 
fication is  met  with ;  e.  g.y  in  the  banded  quartziferous  ores 
(type  C),  which  for  this  reason  possess  special  interest.  The 
ores  rich  in  silica  and  alumina  (type  B)  sometimes  present  a 
schistose  structure ;  but  this  is  without  any  doubt  a  foliation 
caused  by  pressure. 

Even  where  the  stratified  structure  is  present,  we  are  not 
justified  in  concluding  that  the  material  is  primitive ;  for  in 
this  case  also,  though  retaining  the  original  structure,  it  may 
have  been  subjected  to  subsequent  metasomatic  transformation. 
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Thus  the  banded  quartziferous  ores  may  have  originally  con- 
sisted of  alternating  bands  of  a  carbonate  and  of  amorphous 
silica,  since  altered  or  replaced  in  $itu. 

Concentration  and  Transformation  Within  the  Deep-Seated  Ana- 
morphic  Zone. — To  this  zone  the  rocks  were  transferred  during 
the  period  of  the  plication,  by  which  evidently  a  part  were 
folded  to  a  considerable  depth,  being  at  the  same  time  sub- 
jected to  dynamo-metamorphic  alterations,  which  in  many 
cases  determined  their  present  characters. 

During  this  period  the  ores  and  the  gangue  were  formed  by 
thermal  iron-bearing  solutions  acting  under  high  pressure.  To 
what  degree  these  solutions  were  magmatic,  carrying  ore-sub- 
stance from  below,  or  to  what  degree  the  small  amount  of 
water  contained  in  the  rock  was  active,  it  is  not  possible  to 
determine.  In  either  case,  the  process  was  different  from  the 
action  of  solutions  circulating  in  open  chaimels.  It  consisted 
in  a  solution  of  the  rock-substance,  which  was  intensified  by 
the  stress  and  friction,  according  to  the  principle  of  Riecke, 
and  also  in  an  accumulation  and  concentration  of  the  ore,  the 
surface-tension  operating  to  unite  particles  of  the  same  sub- 
stance. 

The  ore-material,  participating  in  the  plication  process,  with 
its  upheavals,  folding  and  dislocations  of  the  strata,  has  suf- 
fered some  mechanical  changes.  One  of  the  effects  which,  in 
many  cases  at  least,  may  be  ascribed  to  the  mechanical  fold- 
ing is  the  peculiar  overlapping  which  many  ore-bodies  pre- 
sent. This  may  be  a  primitive  form  of  metasomatic  deposi- 
tion, but  may  also  be  considered  as  a  result  of  the  mechanical 
displacement  of  an  ore-layer.  Through  a  number  of  inclined 
or  even  vertical  planes  of  dislocation,  the  deposit  has  been  cut 
into  pieces,  which  have  then  been  somewhat  displaced  in  rela- 
tion to  one  another.  Often  these  dislocations  can  be  pointed 
out  only  with  difficulty,  or  not  at  all ;  they  are  more  obvious 
when  the  iron-ore  occurs  associated  with  a  limestone-bed.  (See 
Fig.  4,  showing  the  plan  of  Stallberget.)  The  whole  limestone 
horizon,  with  its  accompanying  iron-ore,  is  here  fractured  into 
several  lenses,  oblique  to  one  another.  The  planes  of  disloca- 
tion have  been  effaced  by  the  recrystallization  of  the  granulite, 
and  the  schistose  structure  thereby  developed,  with  its  lamina- 
tion running  obliquely  to  the  different  lenses,  which  gives  the 
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appearance  of  being  situated  on  different  levels  of  the  strati- 
graphical  series. 

Another  mechanical  effect  of  the  rock-plication  is  the  stretch- 
ing of  the  surrounding  rock,  by  which  it  has  assumed  a  linear 
structure,  a  system  of  smaller  folds,  with  the  axis  of  folding 
parallel  to  the  stretching,  having  often  been  formed  at  the  same 
time.  In  many  cases  (e.g.,  the  Lekomberga  mine  in  the  parish 
of  Ludvika,  and  the  Smedje  and  Mossaberg  mines  in  Striberg), 
a  connection  between  the  stretching  of  the  rocks  and  the  pitch 
of  the  ore-bodies  is  observable,  the  axis  of  the  stretching  coin- 
ciding with  the  direction  of  the  pitch.  Yet  it  cannot  be  as- 
sumed as  beyond  dispute  that  this  connection  is  in  every  case 
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Fig.  4.— StXllbebo  Mines. 

due  to  a  stretching  of  the  ores  themselves ;  it  may  also  be  ex- 
plained as  produced  by  the  ferriferous  solutions,  chiefly  follow- 
ing the  directions  indicated  by  the  folds,  formed  simultane- 
ously with  the  stretching  of  the  rock. 

The  stretching  of  the  rocks  has  given  rise  to  the  character- 
istic form  presented  by  the  Swedish  ores  of  this  type,  which 
form  is  evidently  due  to  a  factor  acting  in  a  vertical  direction. 
This  form  is  represented  in  Fig.  5,  which  is  a  longitudinal  sec- 
tion of  part  of  the  Svartvik  mines,  according  to  B.  Santesson. 
Sometimes  this  form  will  be  developed  into  such  an  extreme 
type  as  that  of  the  mine  of  Stora  Malmsjoberg,  in  which  the 
ore  mined  in  1898  had,  according  to  H.  Sundholm,  a  length  of 
16  m.,  a  breadth  of  12  m.,  and  a  depth  of  160  meters. 
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The  Chemical  Changes. — These  have  been  much  increased,  not 
only  by  the  high  temperature  in  the  anamorphic  zone,  but  also 
by  the  stress  and  mechanical  deformation,  which  tends  to  in- 
crease the  solubility  of  the  ore-material,  as  well  as  of  the  rocks. 

The  more  easily  soluble  limestones  were  especially  adapted 
to  take  up  the  ore-deposition ;  and  generally  great  changes  and 
transfers  of  the  ores  to  secondary  places  of  deposition  have 
taken  place  in  them,  depending  on  water-courses,  impermeable 
sub-strata,  etc.  The  concentration  has  occurred  especially  along 
folds,  fracture-zones,  fissure-systems  and  contacts.  Thus  the 
ores  assume  the  irregular,  secondary  forms  characteristic  of 
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Fig.  6.— Longitudinal  Section  op  the  Svartvik  Mines. 

metasomatic  deposits,  as  shown  in  Fig.  2,  representing  the  cen- 
tral part  of  Dannemora. 

Other  instances  of  concentration  by  solutions  are  oflfered  by 
the  fairly  numerous  cases  in  which  the  ore  proves  to  be  younger 
than  dikes  which  traverse  it.  Such  an  instance  is  the  Timans- 
berg,  a  deposit  of  type  D,  which  is  traversed  by  minor  dioritic 
dikes.  Of  these,  C.  H.  Vrang  writes  that  "  in  their  vicinity 
the  ore  increases  considerably  in  thickness."*  In  the  Kran- 
gruf^a,  in  the  Persberg  district,  the  rich  and  pure  ore  is  chiefly 
found  on  one  side  of  a  large  diorite  dike ;  a  dislocation  is  out 
of  the  question,  for  the  ore-bearing  layer  is  also  found  on  the 
other  side  of  the  diorite,  but  without  equally  distinct  ore-con- 

*  Qeol,  Form.  Forhandl,  Stockholm,  vol.  ix.,  p.  244  (1887). 
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centration.  H.  V.  Tiber^  has  described  how,  in  the  Gastarviis 
mine  of  .the  L&ngban  district,  a  deposit  consisting  of  specular 
iron-ore  and  magnetite,  with  gangue,  continues  from  the  sur- 
face to  a  flat  system  of  diabase  apophyses  occurring  at  a  depth 
of  from  54  to  60  m.,  on  which  the  ore  spreads  like  a  cake, 
while  below  the  diabase-dikes  the  rock  is  dolomite  only.  In 
such  cases  the  intrusive  dikes  have  evidently  preserved  the 
underlying  rock  from  transformation.  A  similar  instance  from 
Dannemora  is  mentioned  by  A.  E.  Fahlcrantz,*  who  says  that 
over  a  dike  of  hdlleftinta  (felsite-porphyry)  a  band  of  iron-ore 
a  few  inches  in  thickness  was  met  with,  accompanying  the  hdl- 
lejlmta.  In  this  case,  however,  it  is  probable  that  the  ore  is  a 
more  recent  formation ;  for  the  majority  of  the  Dannemora 
ores  are  certainly  older  than  the  felsite-porphyries. 

Many  limestone-beds  have  been  largely,  or  even  wholly,  trans- 
formed into  ores,  especially  of  type  D,  the  gangues  of  which, 
consisting  of  calcium-  and  magnesium-silicates,  clearly  indicate 
their  origin. 

At  TJto  it  is  questionable  whether  the  concentration  of  the 
most  prominent  ore-deposit  is  not  connected  with  the  two  trav- 
ersing pegmatite  dikes.  The  largest  and  deepest  mines,  which 
have  followed  the  deposit  down  to  a  vertical  depth  of  more  than 
200  m.,are  situated  between  these  two  pegmatite  dikes;  more- 
over, on  the  outer  sides  of  the  pegmatites  there  is  a  continuous 
ore-mass,  which  has  been  foUowecldown  to  a  comparatively  great 
depth.  At  some  distance  from  these  dikes  the  ore  has  every- 
where been  less  thick  and  less  concentrated,  and  has,  therefore, 
been  mined  on  a  small  scale  only.  While  the  pegmatite  dikes 
evidentiy  originated  at  a  great  depth,  it  follows  that  the  ore-con- 
centration could  not  have  been  accomplished  earlier  than  the 
submersion  in  the  deep-seated  zone. 

The  numerous  mines  of  the  Grangesberg,  Blotberg,  Fred- 
mundsberg  and  Grasberg  districts  ofler  good  opportunities  to 
observe  the  relation  between  the  pegmatites  and  the  ores.  The 
former  occur  here  as  dikes,  partly  traversing  the  ores,  and 
partly  parallel  to  the  stratification,  but  in  a  manner  which  indi- 
cates that  they  are  of  later  formation  than  the  ores.  Coarsely 
crystalline  magnetite  is  often  found  in  the  pegmatite  veins,  in- 

*  Vet.  Ah.  Hafidl  Bihanget,  Stockholm,  4  (1876). 
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dicating  that  the  aqueo-igneoue  solutions  giving  rise  to  the  peg- 
matite originated  from  the  same  source  as  the  iron-ore. 

In  this  connection  attention  may  be  called  to  the  not  uncom- 
mon fact  that  the  ores  of  this  type  occur  along  contacts,  gener- 
ally between  limestone  and  granulite,  but  also  along  the  contact 
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Fig.  6. — Persberg. 

with  intrusive  rocks.  A  marked  instance  of  the  former  mode 
of  occurrence  is  seen  at  Persberg  (Fig.  6),  where  the  upper  ore- 
bearing  horizon  occupies  a  basin  with  grauulite  in  the  foot-wall 
and  dolomized  limestone  in  the  hanging-wall.  Similar  instances 
are  found  in  several  other  ore-deposits  of  type  D ;  e.g.^  the  Q&s- 
grufvre  mine  and  the  Nordmark  mines  in  Vermland,  and  Sten- 
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ring  and  Ramball  in  Upland.  In  each  cases  the  situation  of  the 
ores  along  the  contact  can  hardly  be  explained  by  assuming 
them  to  be  of  primary  origin ;  the  only  explanation  possible  is 
that  the  ores  have  been  precipitated  along  the  contact  from  fer- 
riferous solutions. 

The  same  explanation  presents  itself  in  such  a  case  as  that  of 
the  Hogborn  district  in  Orebro,  where  the  most  important  de- 
posits occur  on  a  certain  level  between  a  diorite  mass  and  the 
granulite  (Fig.  7).  If  the  ores  were  assumed  to  have  been  laid 
down  as  a  sedimentary  deposition  on  a  certain  level  within  the 
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Fig.  7.— HOgborn  Mines. 

granulite,  it  would  be  necessary  to  explain  the  fact  that  the 
diorite  had  been  injected  on  this  very  level  and  formed  a  lac- 
colite  there.  The  assumption  that  the  ores  are  younger  than 
the  dioritic  laccolite,  and  that  they  have  been  precipitated  from 
ferriferous  solutions,  removes  this  difficulty.  The  most  satisfac- 
tory view,  therefore,  is  that  the  ores  along  such  contacts  are 
epigenetic  formations. 

To  this  period  also  belongs  the  formation  of  the  gangues, 
which  are  the  result  of  the  silicification  that  takes  place  in  the 
deep-seated  zone.     Whole  layers  of  limestone  have,  through 
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the  interchange  of  constituents,  been  transformed  into  lime- 
in  agnesia-iron-silicates  (sAam -deposits).  If  the  limestone  has 
already  undergone  a  dolomitizing  process,  or  if  Mg  is  added 
by  the  solution,  the  chief  alteration-products  will  be  amphi- 
boles,  which  are  rich  in  magnesia ;  if  the  limestones  are  com- 
paratively pure,  pyroxenes  are  formed.  Though  the  garnet  of 
the  gangues  may  often  be  an  alteration-product  of  pyroxene 
or  amphibole  minerals,  it  may,  however,  frequently  be  of  pri- 
mary formation,  depending  on  the  chemical  composition  of  the 
solutions  and  the  transformed  material. 

Transformations  in  the  Surface-Zone, — When  the  erosion  and 
removal  of  the  overlying  Cambro-Silurian  strata  exposed  the 
Archaean  rocks,  the  ore-deposits  were  subjected  to  the  influence 
of  catamorphic  agencies. 

Among  the  transformations  of  this  period  we  have  to  note 
the  formation  of  many  skolar  of  chlorite  aud.  talc  (soapstone) 
by  the  decomposition  of  the  pyroxene  and  amphibole  of  the 
gangues  or  the  granulite  of  the  wall-rock.  Many  skolar^  too, 
owe  their  origin  to  the  decomposition  of  intrusive  greenstone- 
veins. 

Indeed,  the  whole  mass  of  the  gangues  may,  under  certain 
circumstances,  be  changed,  quite  new  ore-types  being  the  re- 
sult of  the  transformation.  A  common  phase  of  this  transfor- 
mation is  the  occurrence  of  epidote,  quartz  and  calcite  in  the 
gangue;  if  the  alteration  proceeds  to  a  certain  degree,  hydrated 
minerals  of  the  talc  and  chlorite  groups  are  formed.  As  has 
been  shown  by  H.  V.  Tiberg,®  the  gangue  in  the  Taberg  mines 
in  Vermland,  the  ore  of  which  is,  in  its  upper  part,  markedly 
talcose,  has  been  formed  by  metasonaatic  transformation  of 
augite  and  amphibole.  This  transformation  reaches  only  as 
far  down  as  320  m.,  at  which  depth  the  ore  is  cut  nearly  hori- 
zontally by  a  fissure  which  yields  plenty  of  water.  The  same 
author  adduces,  also,  the  Alabama  mine  in  the  Persberg  dis- 
trict as  an  instance  of  similar  transformation ;  in  its  southern 
part  the  ore  is  talcose,  but  in  the  northern  part  the  original 
gangues,  pyroxene  and  amphibole,  are  still  found.  No  doubt 
the  ores  of  Dalkarlsberget,  as  well  as  all  the  ores  belonging  to 
the  so-called  '*  Rbsberg  type  "  of  B.  Santesson,  ought  to  be  in- 

•  Werml,  Bergamannafor.  Ann,  (1903). 
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terpreted  in  the  same  way,  as  being  derived  from  type  D 
through  alteration. 

Several  other  traneformations  may  be  viewed  as  compara* 
tively  recent  and,  consequently,  belonging  to  this  period.  The 
ores  of  the  Striberg  type  are  often  found  to  lose  their  charac- 
teristic handedness  in  the  direction  of  the  strike,  the  quartz 
being  replaced  by  a  somewhat  porous  magnetite,  sometimes 
also  by  calcite.  Concentrations  of  richer  magnetite  often  occur 
among  the  ores  of  this  type ;  they  are  generally  accompanied 
by  quartzose  segregations  or  chloritic  skolar. 

Simultaneously  with  this,  a  concentration  of  the  iron  may 
take  place,  SiO,  being  dissolved  by  means  of  alkaline  car- 
bonates and  the  silica  replaced  by  ferric  oxides.  It  is  by  such  con- 
centration, for  instance,  the  rich  ore-deposits  have  been  formed 
which  are  often  met  with  in  folds ;  e.  g.,  in  Nordmark  and  in  the 
Hogborn  mines  in  Vermland.  In  localities  where  very  thick 
deposits  of  ore  not  enriched,  and  retaining  the  primitive  struc- 
ture, occur  in  folds,  as  at  the  Stripa  mine,  the  abnormal  thick- 
ness must  be  ascribed  to  mechanical  deformation. 

Among,  the  Grasberg  mines,  which  are  worked  on  a  folded 
layer  in  the  form  of  a  trough  sloping  IfNW.,  there  occurs  in  the 
Bolag  mine  a  highly  concentrated  magnetite  in  the  fold,  the 
rest  of  the  ore  being  a  poor  hematite  with  quartz  bands.^  That 
a  concentration  process  has  taken  place  here  is  beyond  doubt, 
though  it  is  not  possible  to  determine  to  what  period  it  should 
be  assigned. 

On  a  still  larger  scale,  a  similar  transformation  has  taken 
place  in  the  Bispberg  mine,  producing  a  rich,  pure  magnetite, 
mined  in  the  deeper  levels  of  this  mine,  while  in  the  upper 
parts  the  ore  was  a  typical  low-grade  quartz-banded  hematite. 

Such  transformation  on  a  large  scale  of  specular  hematite 
into  magnetite  has  long  been  known  from  several  ore-deposits; 
e.g.,  Norberg,  Striberg,  Gellivare.  In  the  ends  of  the  ore- 
bodies  and  in  the  sides  contiguous  to  the  surrounding  rocks 
the  transformation  is  most  advanced,  but  also  the  interior  por- 
tions of  the  ores  consist  of  a  mixture  of  specular  hematite  and 
magnetite.  The  cause  of  this  transformation  is  not  fully  un- 
derstood;   but  it  is  evidently  a  reaction,  depending  on  mass- 

^   H.  Sundholm,  Jem-K&rUoreU  Ann.,  vol.  liii.,  p.  162  (1898). 
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action,  and  continuing  to  a  certain  limit,  where  equilibriana 
ensues.  It  looks  as  if  the  reaction  proceeded  from  the  sur- 
rounding or  traversing  silicate-rocks ;  and  it  has  been  conjec- 
tured that  the  alteration  has  been  produced  by  organic  sub- 
stances (humic  acids)  contained  in  the  surface-waters  descend- 
ing along  the  walls  of  these  rocks.  Even  though  it  might  be 
supposed  that  these  organic  substances  had  the  power  of  reduc- 
ing specular  hematite  into  magnetite,  this  explanation  is  not 
very  satisfactory ;  for  the  transformation  that  has  taken  place 
is  not  a  reduction  of  hematite  into  magnetite  with  retention  of 
the  structure  of  the  former,  but  a  solution  and  recrystallization 
of  the  iron-ore.  One  might  rather  suggest  the  action  of  alka- 
line solutions  proceeding  from  the  silicate-rocks,  or  some  other 
reagent. 

The  change  from  hematite  to  magnetite  is  reversible ;  and 
in  some  places  we  meet  with  transformations  on  a  large  scale 
of  magnetite  into  hematite.  Of  the  anhydrous  iron  oxides, 
magnetite  is  more  stable  in  the  deep-seated  zone,  hematite  ia 
the  surface-zone ;  and  it  seems  safe  to  assume  that  the  last- 
mentioned  alteration  belongs  to  the  surface-zone.  Such  a 
transformation  is  found  in  the  Grangesberg  mines,  where  the 
ore  close  to  the  foot-wall  consists  of  a  scaly  hematite  low  in 
phosphorus. 

The  Grangesberg  and  Norrbotien  Deposits. 

A  separate  position  should  be  assigned  to  those  ores  of  the 
type  which  are  chiefly  represented  by  the  large  deposits  of 
Grangesberg,  in  central  Sweden,  and  Gellivare,  in  Norrbotten. 
They  diverge  in  some  points  from  the  majority  of  the  ores  of 
the  Archsean  schists ;  and  their  characteristic  properties  seem 
to  be  most  satisfactorily  explained  by  assuming  them  to  be 
transformed  basic  segregations  in  gneiss-granites  (ortho- 
gneisses). 

In  sketching  the  geology  of  Grangesberg  I  follow  chiefly 
the  notes  given  by  H.  Johansson."  In  this  district  two  ore- 
types  are  represented.  The  ores  of  the  Lomberg-Risberg,  and 
Ormberg  mines,  occurring  in  a  real  kali-feldspar-granulite,  here 
represented  by  a  reddish  rock  of  uniform  grain,  have  all  the 

•  OeoL  Form.  ForhandL,  Stockholm,  vol.  xxvi.,  pp.  361  to  363  (1904)  and  vol. 
xxix.,  pp.  174  to  176  (1907). 
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characters  of  the  type  B.  To  another  type  belong  the  vast 
ore-stocks  of  the  Export  mines,  surrounded  by  a  gray  pla- 
gioclase-granulite,  often,  however,  containing  amphibole  and 
inclosing  numerous  amphibolitic  segregations.  To  the  same 
class  as  the  ores  of  the  Export  mines  belong  those  of  the  Ham- 
mar  mine,  where  the  amphibolitic  development  of  the  rock  is 
still  more  obvious,  and  several  minor  deposits;  e.g.,  the  L&ng- 
bUfall  mines,  which  occur  associated  with  basic  rocks  of  dio- 
ritic  type.  It  seems  that  these  rocks  are  genetically  connected 
with  the  gneiss-granite  formation,  developed  immediately  to 
the  east  of  the  Export  mines.  This  formation  varies  in  struc- 
ture ;  in  the  central  portions  it  is  purely  granitic  and  coarse- 
grained; nearer  to  where  it  borders  on  the  granulite  it 
becomes  flaky,  and  the  grain  grows  finer,  only  scattered 
porphyritic  grains  of  feldspar  remaining,  till  it  passes  into  the 
fine-grained  rock  which  incloses  the  ores ;  this  rock  becomes 
in  places  amphibolitic  and  dioritic  (the  mines  of  the  L&ngbl&- 
fall  mine.)  On  the  whole,  the  ores,  as  well  as  the  rock-com- 
plex inclosing  them,  present  a  peculiar  lack  of  homogeneity  in 
their  composition,  indicating  segregations  and  concentrations 
in  a  magma.  To  the  same  class  I  refer  also  the  Lekomberga 
deposits,  likewise  situated  in  a  gneiss-granite  (orthogneiss) 
formation. 

The  ore-deposits  in  the  Export  mines  consist  of  composite 
stocks,  the  different  parts  of  which  are  separated  by  partition- 
walls  consisting  of  the  same  materials  as  the  adjacent  rock. 
(Compare  Fig.  3.)  The  ores  exhibit  sharply-defined  bounda- 
ries, and,  in  the  composition  of  the  gangues,  SiO^  and  A1,0, 
are  subordinate  to  CaO  and  P^Oj  (belonging  to  the  apatite) ; 
the  percentage  of  P  varying  from  0.8  to  2  per  cent,  and  being 
sometimes  considerably  higher.  Generally,  it  is  greater  at  the 
hanging-wall  and  smaller  at  the  foot-wall.  Titanite  occurs 
abundantly  in  some  of  the  ores. 

In  a  still  higher  degree  the  gneiss-granite  (orthogneissic) 
character  of  the  rocks  in  Gellivare  is  manifested.  This  is 
pointed  out  in  a  convincing  manner  by  Hj.  Lundbohm,  in 
his  notes  of  the  geological  conditions  of  this  deposit,^  though 

»  Sverigea  Oeol.  Undenokning,  Ser.  C,  No.  Ill  (]890),  No.  127  (1892),  and  else^ 
where. 
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he  speaks  with  great  caution  on  the  question  of  the  nature  of 
these  rocks.  A  true  conception  of  this  kind  of  crystalline 
schists  was  not  at  the  time  of  his  publications  so  well  established 
as  now. 

The  red  gneiss  dominant  in  the  mountain  of  Gellivare  is  a 
rock  with  mostly  allotriomorphic  structure ;  where  a  parallel 
structure  is  found  it  is  evidently  a  phenomenon  of  stretching. 
A  porphyritic  structure  is  found  in  several  places.  That  the 
feldspar  is  plagioclastic  indicates  a  rock  rich  in  soda ;  the  per- 
centage of  titanite  is  also  remarkable. 

Amphibolites,  sometimes  of  dioritic  type,  occur  in  great 
numbers  in  the  form  of  flattened  lenses.  Dikes  of  granite 
rich  in  soda  occur,  sometimes  parallel  with  the  stratification  of 
the  gneiss  and  with  the  strike  of  the  ores,  partly  as  masses, 
and  differ  from  the  gneiss  chiefly  or  exclusively  through  their 
coarser  structure.  In  some  parts  of  the  mountain  rock-mem- 
bers resembling  these  granites  rather  than  the  gneiss  inclose 
ores.  The  whole  is  a  complex  of  rocks  of  common  magmatic 
origin  with  a  heterogeneity  of  composition  depending  on  an 
advanced  difierentiation. 

The  Gellivare  ores  are  in  part  surrounded  by  gangue-rocks, 
rich  in  ferromagnesian  silicates,  iron  oxides,  apatite,  and  some- 
times titanite,  which  give  evidence  of  the  interchanges  of  ma- 
terial that  have  taken  place  between  the  ores  and  the  sur- 
rounding rocks.  These  gangue-rocks  are  also  in  many  places 
characterized  by  a  brecciated  structure. 

The  structure  of  the  ore  is  coarsely  crystalline,  allotriomor- 
phic. Among  the  structural  peculiarities  are  the  stretching 
phenomena,  in  the  ores  as  well  as  in  the  rocks,  which  often 
give  rise  to  a  cleavage. 

The  latest  secondary  alterations  concern  the  degree  of  oxida- 
tion of  the  iron.  If  the  ores  have  been  segregated  from  a 
magma,  they  have  certainly  been  originally  magnetites.  How- 
ever, Gellivare  as  well  as  the  Export  mines  in  Grangesberg 
consist  to  a  large  extent  of  specular  hematite,  which,  conse- 
quently, is  a  secondary  formation  within  the  surface-zone. 
The  formation  of  the  specular  iron-ore  seems  in  places  (espe- 
cially in  the  foot-wall  of  the  Bergsbo  mine  in  Grangesberg) 
to  have  been  attended  with  a  far-advanced  process  of  dephos- 
phorization. 
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There  are  so  many  points  of  agreement  between  Gellivare 
and  Grangesberg  that  it  cannot  be  doubted  that  thej  have 
been  formed  in  the  same  way.  The  heterogeneous  nature  of 
the  surrounding  rocks,  the  high  percentage  of  apatite  in  the 
ores,  often  exceeding  that  of  silicates,  and  the  size  and  peculiar 
form  of  the  ore-bodies,  form  the  chief  points  of  agreement. 

The  view  expressed  here  concerning  the  nature  of  the  ores 
of  Gellivare  and  Grangesberg  is  in  close  accordance  with  the 
view  advanced  before  by  Lofetrand.^^  Similar  opinions,  espe- 
cially concerning  Gellivare,  have  been  more  or  less  positively 
advanced  by  several  other  authors  in  the  lively  discussion  on 
the  formation  of  these  deposits  which  was  carried  on  at  the 
beginning  of  the  nineties,  in  the  last  century,  though  at  that 
date  the  problems  concerning  the  Archaean  rocks  had  not  yet 
been  proposed  in  a  form  that  made  a  clear  formulation  of  these 
views  possible. 

Also,  the  analogies  between  the  deposits  of  Gellivare  and 
those  of  Kiiruna  have  been  repeatedly  pointed  out  by  Lund- 
bohm,  Tornebohm,  Holmquist,  and  others,  with  the  remark  that 
Gellivare  is  to  be  regarded  as  a  transformed  Kiiruna. 

Analogous  Deposits. 

The  ores  of  this  group  are  well  represented  within  the  Ar- 
chaean series  of  the  United  States  and  Canada ;  indeed,  all  the 
different  types  mentioned  above  are  found  there.  This  fea- 
ture, that  the  same  ore-types  may  be  recognized  in  areas  so  far 
apart  as  North  America  and  the  Scandinavian  peninsula, 
strongly  indicates  that  these  types  correspond  to  certain  geneti- 
cal  conditions.  Of  course,  it  may  happen  that  other  types,  not 
represented  in  Scandinavia,  may  occur  in  the  United  States 
and  in  other  areas.  Only  a  few  instances  of  the  parallelism 
between  the  Scandinavian  ores  of  this  group  and  the  Ar- 
chaean ores  of  the  United  States  and  Canada  may  here  be  men- 
tioned. 

The  ores  of  Type  A — L  e.,  apatite-ores — are  typically  repre- 
sented by  the  ores  of  the  Mineville  group.  Lake  Champlain 
district.  I  visited  these  mines  in  1891  and  was  struck  by  the 
resemblance  of  the  ore  to  the  ores  of  Gellivare  and  Grangesberg. 

»  GeoL  Form.  Forhandl,,  Stockholm,  vol.  xvi.,  pp,  136,  137, 147,  etc.  (1894). 
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In  hand-specimenB  the  ore  is  hardly  to  be  distiDguished  from 
the  ore  of  the  Swedish  mines.  Not  only  the  mineralogical 
composition  of  the  ore  but  also  the  form  of  the  ore-bodies,  the 
included  "  horses  "  of  the  wall-rock,  the  dikes  of  pegmatite  and 
the  amphibolitic  segregations  of  the  country-rock,  offer  strong 
analogies. 

The  ores  of  Type  By  rich  in  silica  and  alumina,  correspond 
in  part  to  the  Archiean  ore-deposits  of  New  York  and  New 
Jersey,  as  described  in  these  Transactions  by  Frank  L.  Nason" 
and  in  several  reports  of  the  New  Jersey  Geological  Survey.  In 
the  late  description  by  Arthur  C.  Spencer,"  who  points  out  the 
connection  of  the  New  Jersey  ores  with  the  pegmatite-dikes, 
the  agreement  with  the  Swedish  ores  of  this  type  is  still  plainer. 

The  quartz-banded,  siliceous  ores  of  Tj/pe  C  recall  at  many 
points  the  ores  of  the  Lake  Superior  region,  especially  those  of 
Archaean  age  on  the  Vermilion  range.  But  also  the  ores  of  the 
older  Huronian  series  of  the  Marquette  and  Crystal  Falls  dis- 
tricts agree  in  many  points  with  the  Swedish  examples  of  this 
type.  In  comparing  the  Swedish  and  the  American  ore-de- 
posits it  must  be  noted  that  the  unconcentrated  ore  with  from 
45  to  50  per  cent,  of  iron  corresponds  to  the  banded  jasper  of 
the  Lake  Superior  district,  with  a  considerably  lower  percent- 
age of  iron,  while  the  concentrations  of  magnetite  in  the  Swedish 
mines  correspond  to  the  ores  actually  mined  in  the  Lake  dis- 
trict." 

T)/pe  D,  the  skam-ore&y  have  also  their  equivalents  among 
the  Archaean  iron-ore  deposits  of  New  York,  New  Jersey 
and  Pennsylvania.  To  the  same  type  belong  also  the  deposits 
of  the  Cranberry  district,  North  CarolinarTennessee,  described 
by  Arthur  Keith.^*  The  description  so  closely  corresponds  to 
the  Swedish  ores  of  this  type,  that  it  may  be  verbally  applied  to 
some  of  them.     As  already  observed,  I  fully  agree  with  Keith 

"  Trans,  y  xxiv.,  505  to  621  (1894). 

1'  Mining  Magazine,  vol.  x.,  pp.  376  to  381  (1904). 

''In  1891  I  had  the  opportunity  to  viait  the  Marquette  and  Menominee  dis- 
tricts ;  and  after  my  return  to  Sweden,  I  pointed  out  in  an  address  read  I^oy.  5 
before  the  Geological  Society  of  Stockholm,  the  analogies  between  the  ore-deposits 
of  Lake  Superior  and  several  of  the  Swedish  iron-ores.  The  same  was  tnrther 
stated  in  a  paper  on  the  same  subject  in  1893.  Oeol.  Foren.  ForkandL,  Stockhoiin, 
vol.  xiii.,  p.  578  (1891),  vol.  xv.,  p.  473  (1893). 

"  U,  S.  Geological  Survey,  Bulletin  No.  213,  pp.  243  to  246  (1902). 
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conceming  the  origin  of  these  ores  as  depositions  through  re- 
placement by  iron-bearing  waters  in  the  deep  zone.  Of  the 
same  type  are  also  some  of  the  deposits  of  eastern  Ontario,  in 
Canada.  The  agreement  may  be  so  close  as  to  include  mineral- 
ogical  details  also.  In  1891,  when  visiting  the  Tilly  Foster 
mine,  Putnam  county,  N.  Y.,  I  was  surprised  by  the  mineralogical 
association  in  this  mine,  quite  corresponding  to  Nordmarken 
in  Wermland.  The  ore  is  in  both  places  crystalline  magnetite, 
intermixed  with  a  gangue  chiefly  consisting  of  amphibole  and 
pyroxene;  magnesian  silicates  of  primary  and  secondary  for- 
mation are  frequent.  In  both  places  occur  as  characteristic 
minerals  fine  crystallized  magnetite,  calcite,  yellow  titanite 
and  transparent  apatite;  moreover,  the  alterations  are  the  same. 
The  minerals  of  the  chondrodite  group,  so  finely  crystallized 
in  the  Tilly  Foster,  were  at  that  time  not  known  in  the  Nord- 
mark  mine,  but  were  found  there  later,  thus  making  the  agree- 
ment still  more  complete. 

Ores  belonging  to  Type  E — i.  c,  associated  with  limestones — 
seem  to  be  comparatively  scarce  in  the  United  States.  Still, 
such  ore-deposits  are  reported  from  Franklin  Furnace,  N.  J., 
and  from  some  other  mines;  tliey  occur  also  in  Ontario. 

Group  II. — The  Ores  of  the  Porphyries  (Keratophyres). 

The  province  of  Norrbotten  contains  many  times  as  much 
iron  as  all  the  rest  of  Sweden.  Some  of  the  deposits  in  this 
province  may  be  reckoned  among  the  largest  in  the  world. 
The  export  from  Kiirunavaara  commenced  as  late  as  1902, 
when  the  railway  to  Narvik  on  the  Qord  of  Ofoten  was  opened; 
in  the  following  year  the  exploitation  of  the  less  considerable 
neighboring  deposit  of  Tuollavaara  also  began. 

Geologically,  the  iron-ore  deposits  of  Norrbotten  are  of  three 
kinds :  (1)  the  ores  of  the  crystalline  schists,  which  embrace 
the  deposits  of  Gellivare  and  Svappavare,  treated  in  the  pre- 
ceding section ;  (2)  the  ores  of  the  Kiiruna  type,  connected 
with  syenitic  porphyries;  and  (8)  ores  connected  with  basic 
igneous  rocks.  These  ores  will  be  treated  in  the  next  section. 
(See  Fig.  8.) 

Topographically,  the  more  important  deposits  may  be  divided 
into  four  groups:  (1)  Gellivare,  embracing  Malmberget  and 
Koskulls  Kulle  and  a  few  copper  ore-deposits  north  of  the  Lina- 
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elf;  (2)  Svappavare,  LeveaniemiandMertainen,  situated betweeu 
the  Kalix  and  the  Torne&  rivers ;  (8)  a  group  in  the  vicinity  of 
Lake  Luossajarvi,  embracing  Kiirunavaara,  Luossavaara  and 
Tuollavaara ;  (4)  Ekstromsberg,  which  belongs  to  the  basin  of 
the  Kalix  river.  Besides  these,  minor  deposits,  for  the  most 
part  only  imperfectly  known,  are  scattered  all  over  the  wide 
area. 


to         10         3f  '*0        fO-u 


Basic  Eruptives,    Older     Cambrian     Pre-Cambrian.  Silurian. 
Silurian  or  younger.  Basic 

Eruptives. 


Granite         Granulite   Porphyritic        Gneissic  Rocks. 

and  and  Rocks. 

Syenite.  Archaean  Schist. 

Fig.  8. — Ore-Pbovince  of  Norrbotten. 

Kiirunavaara^  Luossavaara  and    Tuollavaara, 

The  iron,  ore  deposit  of  Kiirunavaara  is  undoubtedly  the 
largest  deposit  of  ore  found  in  Europe.  The  neighboring  de- 
posits of  Loussavaara  and  Tuollavaara  are  geologically  of  the 
same  nature,  though  smaller.  The  first  two  of  these  deposits 
have  been  known  for  more  than  two  centuries.    Luossavaara  is 
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mentioned  as  early  as  about  the  year  1690,  Kiiruna  not  before 
1786 ;  a  description  of  both  is  given  in  the  Report  of  the  Gov- 
ernment Mining  Inspector  for  1751.  The  first  survey  was  made 
shortly  before  1760.  Tuollavaara,  being  concealed  under  a 
thick  moraine,  was  not  discovered  until  1897.     (See  Fig.  9.) 

The  ores  in  question  prove  to  be  genetically  connected  with 
a  group  of  eruptive  rocks  of  syenitic  composition,  and  charac- 
terized by  their  high  percentage  of  soda.  These  rocks  show 
the  structures  of  deep-seated  as  well  as  of  vein-rocks.  They 
are  intruded  in  a  sedimentary,  partly  clastic,  complex  of  strata, 
including  conglomerates  and  semi-crystalline  schists. 


Fig.  9.— Pabt  of  Ore- Deposit  of  Kiiruna vaara  (Looking  North). 

The  porphyritic  rocks  were,  for  a  long  time,  regarded  by  the 
Swedish  geologists.  Hummel,  Gumaelius,  Fredholm,  and  others 
(in  analogy  with  the  case  of  central  Sweden),  as  a  sedimentary 
hdUefinia^  and  the  stratified  rock-complex  in  which  they 
occur  was  called  AaWe^m^a-schist.  In  1889,  however,  Tor- 
nebohm  pointed  out  the  porphyritic  nature  of  the  so-called 
haUeflinta^  and  afterwards  the  Aai/e^m^o-schists  were  found  to 
consist  of  partly  clastic  rocks. 

The  ores  of  the  three  deposits  form  stratiform  masses  of  con- 
siderably greater  length  than  breadth — the  length  of  the  Kiiru- 
navaara  deposits  is  about  2.8  kilometers. 

The  ores  are  immediately  surrounded  by  intrusive  rocks  of 
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porphyritic  development  which,  on  account  of  their  composi- 
tion,  are  to  be  referred  to  the  sodarsyenite-porphyries.  They 
have  also  been  called  keratophyres  (H.  Backatrom) ;  however, 
as  this  name  is  applied  to  effusive  rocks,  and  the  effusive  nature 
of  the  Kiiruna  porphyries  seems  to  me  at  least  questionable,  I 
prefer,  for  the  present,  the  name  porphyries.  Two  kinds  of 
porphyry  may  be  distinguished:  one  more  basic,  occurring 
chiefly  in  the  foot-wall,  but  partly  also  in  the  hanging-wall  of 
the  ore,  and  one  more  acid,  often  developed  as  quartz-porphyry 
and  occurring  in  the  hanging-wall  of  the  ores  of  Kiirunavaara 
and  Luossavaara,  around  TuoUavaara,  etc.  The  basic  porphyry 
is  closely  connected  with  the  syenitic  rock  which  accompa- 
nies it 

The  Syenite, — This  is  a  soda-syenite,  the  chief  mass  of  which 
is  a  soda-feldspar.  Secondary  basic  minerals  are  present  in 
abundance.  The  structure  is  eugranitic.  This  soda-syenite 
shows  gradations  into  the  porphyry  of  the  foot-wall,  with 
which  it  is  closely  allied  in  composition. 

'  The  Porphyry  of  the  Foot-  Wall. — This  rock  presents,  micro- 
scopically as  well  as  macroscopically,  a  fiuidic  structure  with  a 
trachy toidal  arrangement  of  the  feldspar  of  the  ground-mass ; 
sometimes,  also,  spherulitic  structures  are  observable.  The 
primary  structures  are,  however,  frequently  difficult  to  distin- 
guish, being  in  part  totally  obliterated  by  the  alteration  of  the 
rock.  The  basic  constituents  are  almost  wholly  altered  into 
amphibole,  epidote,  and  chlorite.  Magnetite  seems  to  occur  in 
two  generations :  one  primary,  the  other  of  later  immigration. 
As  fissure-minerals,  indicating  a  secondary  action  of  pneuma- 
tolytic  nature,  occur  amphibole,  titanite,  apatite,  and  magnetite. 
In  the  contact-zone  the  fissures  sometimes  form  cavities  a  deci- 
meter in  diameter,  filled  with  the  said  mineral  combination. 

T?ie  Porphyry  of  the  Hanging- WaU. — This  is  considerably 
more  acid  (containing  10  per  cent,  more  of  SiO,)  than  the  syen- 
ite and  the  porphyry  of  the  foot-wall,  which  circumstance  places 
it  among  the  quartz-porphyries.  Quartz  occurs  in  the  ground- 
mass  partly  as  so-called  "  quartz  gtobulaire"  but  in  larger  quan- 
tities where  the  ground-mass  has  undergone  a  recrystallization. 
Here,  too,  a  secondary  generation  of  magnetite  can  be  observed. 
The  primary  basic  mineral  constituents  are  completely  altered, 
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having  produced  amphibole,  epidote,  and  chlorite.     The  rock 
shows,  even  macroscopically,  a  distinct  flaidic  structure. 

Segregations  of  pure  magnetite,  mostly  in  rounded  pieces, 
are  worthy  of  notice ;  these  segregations  sometimes  show  a 
concentric  structure  and  at  times  inclose  grains  of  the  feldspar 
of  the  porphyry.  When  the  fragmentary  character  is  more 
distinct,  they  are  probably  portions  of  segregations,  solidified 
in  depth  at  an  earlier  date,  which  have  been  partly  rounded  by 
resorption.  These  segregations  have  also  been  interpreted  as 
fragments  of  the  great  ore-body ;  and  from  this  it  has  been  con- 
cluded that  the  porphyry  of  the  hanging-wall  should  be 
younger  than  the  mass  of  ore. 

The  unmistakable  "  consanguinity  "  between  the  soda-syenite 
and  the  porphyries  is  manifested  by  the  high  percentage  of  Na^ . 
which  varies  between  5.5  and  7.5  per  cent.;  apatite,  titanite, 
and  magnetite  are,  besides,  minerals  common  to  the  syenite, 
the  porphyries,  and  the  ore-deposits. 

The  Ores. — (In  the  following  exposition  of  the  Eiirunavaara 
and  Luossavaara  ore-deposits,  I  follow  chiefly  the  official  report 
made  by  Hj.  Lundbohm  in  1898.)  The  iron-ore  occurring 
among  the  porphyry-masses  forms,  on  the  whole,  pure,  nearly 
homogeneous  ore-deposits ;  other  minerals  found  in  it  are  of 
comparatively  subordinate  significance. 

A  property  characteristic  of  the  ore  of  Kiirunar,  Luossa-,  and 
Taollavaara  is  its  general  extremely  fine-grained  texture,  which 
proves  that  it  has  been  subject,  to  a  slight  degree  only,  to  the 
action  of  recrystallizing  agents.  By  this  structure,  which  is 
also  found  in  a  few  other  ores  in  Norrbotten,  this  ore-type  is  dis- 
tinguished from  the  rest  of  the  Scandinavian  ores. 

The  only  mineral  that  occurs  in  the  ore  with  undoubtedly 
primary  characters  is  apatite,  the  distribution  of  which  is  ex- 
ceedingly irregular,  so  that  the  percentage  of  phosphorus  in 
the  ore  varies  greatly- 

In  Kiirunavaara,  chiefly  close  to  the  foot-wall,  but  also  here 
and  there  in  the  interior  of  the  ore,  occurs  an  ore-type  with 
mostly  grayish-black  and  dull,  compact  fracture  (Lundbohm's 
type  5).  When  examined  with  the  microscope  it  proves  to  be 
interlarded  with  apatite  individuals  idiomorphically  developed ; 
its  phosphorus-percentage  is  from  8  to  6  per  cent.  This  ore 
frequently  presents  a  stratiform  structure. 
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The  ore-type  which  quantitatively  predominates  contains  the 
apatite  in  nodules  and  irregular  lenses  (Lundbohm's  type  4). 
Here,  too,  the  apatite  seems  to  be,  at  least  in  part,  of  primary 
origin,  since  it  occurs  partly  as  a  minute  impregnation  of  the 
ore,  partly  in  irregular  nests  and  veins,  giving  rise  to  a  struc- 


■  ^Trveter 


•  '  ■  I. 

Fig.  10. — Ibbbgular  Veins  of  Apatite  in  MaonetitKi  Kiibunavaa&a. 

(Landbohm). 

ture  which  bears  some  resemblance  to  a  largely  developed  flow- 
structure  (Fig.  10). 

Primary  structural  forms  which  may  be  referred  to  flow- 
structure  may  also  be  observed  in  the  relation  between  diflferent 
ore-types,  when,  e.  ^.,  one  type  contains  fragments  or  "  schlieren" 
of  another  type,  or  when  one  ore-type  occurs  as  intruding  dikes 


L 
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Fig.  11. — Flow-Structure  in  Magnetite,  Kiibunavaara  (Lundbohm). 

in  another  (Fig.  11).     Especially  on  weathered  ore-surfaces 
these  structures  are  easily  observable. 

It  is  likely  that  the  highly  phosphoric  ores,  though  embrac- 
ing several  types,  must  in  general  be  regarded  as  primary,  and 
those  poorer  in  apatite  as  secondary,  leached,  and  in  part  re- 
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crystallized.  The  latter  also  contain  martite  and  specular  hema* 
lite,  the  occarrence  of  which  is  here  evidently  secondary. 

In  the  low-phoephoros  ores  occar  also  calcite  (formed  at  the 
expense  of  the  apatite),  secondary  quartz  in  fissures,  and  second- 
ary silicates  as  amphibole,  talc  and  chlorite  minerals.  The 
secondary  ore-types  are  sometimes  porous,  the  more  soluble 
minerals  having  been  leached  out. 

From  a  practical  point  of  view,  the  ores  in  question  have 
been  divided  into  several  classes  according  to  their  percentage 
of  phosphorus.  Those  classes  which  range  above  1  per  cent, 
constitute  the  principal  mass  of  the  ores  of  Kiirunavaara.  <<  As 
a  fairly  certain  result  of  the  examinations  of  the  ores  with  regard 
to  their  percentage  of  phosphorus,  it  may  be  said  that  ores  con- 
taining less  than  0.05  per  cent,  and  ores  with  from  0.05  to  0.1 
per  cent.,  of  phosphorus,  occur  separately  in  such  a  mode  that 
they  can  be  utilized,  but  that  both  kinds,  especially  the  former, 
are,  as  regards  quantity,  rather  subordinate  to  those  richer  in 
phosphorus.  The  main  mass  of  the  ore  of  Kiirunavaara  con- 
tains more  than  0.8  per  cent.,  generally  from  1  to  2  per  cent., 
not  infrequently  from  3  to  4  per  cent,  or  still  more,  of  phos- 
phorus." ^  "  On  the  whole  the  iron  ores  of  Kiirunavaara  may 
be  said  to  contain  a  higher  percentage  of  phosphorus  than  any 
other  known  ore-deposit  of  great  extent."  ^^ 

The  phosphorus-percentages  of  the  ores  of  Luossavaara,  al- 
though exceedingly  variable,  seem  mostly  to  be  less  than  0.1 
per  cent.  In  TuoUavaara,  a  part  of  the  ores  are  also  remark- 
ably free  from  apatite,  showing  a  phosphorus-percentage 
amounting  to  only  hundredths  of  1  per  cent,  but  also  here 
ores  high  in  phosphorus  occur. 

Owing  to  the  absence  of  other  impurities,  the  iron-percent- 
age of  these  ores  is  very  high.  That  of  Luossavaara  fully 
equals  or  even  exceeds  that  of  the  ore  of  Kiirunavaara.  Apart 
from  the  ores  richest  in  apatite,  the  average  amount  of  iron  is 
from  68  to  69  per  cent 

The  Forms  and  DimensioTis  of  the  Ore-Bodies. — The  large  ore- 
deposit  of  Kiirunavaara  is  an  enormous  mass,  roughly  recti- 
linear in  outline.  In  length,  the  ore  is  exposed  in  the  hills  for 
more  than  2,800  m.,  and  through  drilling  and  magnetical  inves- 

^  Hj.  Landbohm,  Kiirunavaara  och  Luossavcuura  Jemmalm^aU  INorrboltent  Lan 
(1898),  p.  45.  »  Lundbohm,  loc.  eiL,  p.  56. 
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tigation  has  been  proved  to  extend  at  least  1,200  m.  farther.  In 
a  northern  direction  below  the  level  of  Lake  Luossajarvi,  the  de- 
posit seems  to  divide  in  two  narrow  parallels,  only  known 
through  magnetic  investigation.  The  width  of  the  deposits  in 
some  places  exceeds  200  meters. 

This  enormous  ore-body  is  cut  in  only  two  places  by  narrow 
masses  of  porphyry,  extending  from  the  hanging-  to  the  foot- 
wall. 

The  boundaries  of  the  ore  against  the  rock  are  rather  irregu- 
lar, as  may  be  seen  in  the  outcrops,  and  the  width  of  the  deposit 
is  thus  very  variable.  Also  the  depth  of  the  ore-body  is  re- 
markably irregular,  which  makes  any  calculation  of  the  ore- 
quantity  uncertain.  The  dip  varies  between  45®  and  60°  east 
Generally,  the  dip  of  the  foot-wall  is  a  few  degrees  greater 
than  that  of  the  hanging-hall,  indicating  a  downward  decrease 
of  width. 

By  diamond-drilling  the  dimensions  of  the  ore-body  have 
been  in  the  main  determined  to  a  depth  corresponding  to  the 
level  of  the  Luossajarvi  lake ;  beneath  this  level  the  ore  is  in 
some  places  proved  to  extend  to  a  depth  of  200  m.,  but  con- 
cerning the  dimensions  of  the  body  at  this  depth  nothing  is 
known. 

The  Luossavaara  deposit  exhibits  the  same  features  as  Eiim- 
navaara,  only  on  a  smaller  scale.  It  is  known  for  a  length  of 
at  least  1,200  m.,  of  which  750  m.  is  exposed.  This  ore-body 
dips  east  about  65*^.  The  decreasing  width  towards  the  depth 
is  here  still  more  evident  than  at  Kiirunavaara. 

CkmtacUZoms. — ^As  to  the  relation  of  the  iron-ore  to  the  sur- 
rounding rocks,  in  many  places  a  contact-zone,  one  meter  or  a 
few  meters  in  breadth,  is  observable,  in  which  occurs  a  mix- 
ture of  ore  and  minerals  belonging  to  the  porphyry. 

Thus  in  Kiirunavaara,  within  the  porphyry  of  the  foot-wall, 
ore-veins  with  indeterminate  boundaries  are  found  running 
through  the  rock. .  The  branching  veins  form  a  net  of  wide 
meshes  inclosing  pieces  of  the  rock.  In  one  direction  the  ore- 
veins  pass  into  fine  fissures  in  the  almost  unaltered  porphyry ; 
in  the  other  direction  the  magnetite  prevails,  and  angular, 
strongly  uralitized  fragments  of  porphyry  are  found  in  the 
compact  ore-mass.  At  last  one  finds  only  a  dark-green  amphi- 
bole  in  the  magnetite  as  a  reminder  of  the  silicate-rock. 
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Inclosed  masses  of  the  surrounding  rocks  occur  in  many 
places  in  the  ore,  especially  in  the  neighborhood  of  the  foot- 
wall.  Thus,  iaone  place  within  an  area  of  40  m.  in  breadth 
streaks  of,  in  part,  considerably  altered  porphyry  alternate 
with  streaks  of  iron-ore ;  remains  of  porphyry  altered  into  am- 
phibolite  and  chlorite  have  also  been  found  in  the  ore. 

Also  in  Luossavaara  similar  contact-zones  are  found,  though 
leqs  accessible  to  the  observer,  on  account  of  the  thick  covering 
of  glacial  deposits.  Through  the  porphyry  of  the  foot-wall, 
west  of  the  top  of  the  mountain,  run  veins  up  to  1.2  m.  in  width, 
containing  magnetite,  titanite  and  amphibole. 

In  TuoUavaara,  also,  a  brecciated  structure  is  found,  perhaps 
better  observable,  though  occurring  on  a  smaller  scale  than  in 
Kiirunavaara.  The  surrounding  rock  is  irregularly  cut  by 
magnetite-veins  and  veinlets,  giving  rise  to  a  breccia  of  sharp- 
edged  porphyry-fragments,  cemented  together  by  magnetite; 
this  phenomenon  decreases  as  the  distance  from  the  ore-limit 
increases.  Isolated  breccia-like  pieces  of  porphyry  also  occur 
inclosed  in  the  iron-ore. 

The  Genesis  of  the  Deposits. — The  genetic  connection  of  these 
ores  with  the  porphyry-rocks  is  so  manifest,  that  it  has  been 
admitted  by  all  who  have  expressed  their  opinion  on  the  sub- 
ject. Even  those  geologists  (Hummel  and  Qumselius  in  1875, 
Fredholm  in  1891),  who  regarded  the  porphyries  as  sedimen- 
tary hdUefintoTy  acknowledged  this  connection,  and  consequently 
considered  the  ores  as  sedimentary  formations.  Lofstrand,  in 
1891  and  1892,  in  describing  other  basic  segregations  and  vein- 
like formations  of  iron-ore  in  acid  igneous  rocks,  pointed  out 
that  the  connection  of  the  ores  of  Kiiruna  with  the  porphyries 
ought  to  be  interpreted  in  the  same  way.  The  same  opinion 
was  expressed  more  positively  in  1898  by  Hogbom,*^  who  laid 
special  stress  on  the  agreement  with  the  deposits  connected 
with  syenitic  rocks  in  the  eastern  Ural :  Wyssokaia  Gora,  Le- 
biajaia,  and  Gora  Blagodat.  A  similar  opinion  was  pronounced 
at  a  later  time  by  O.  Stutzer,  who  holds  that  the  ores  have 
been  formed  in  an  epigenetic-magmatic  way  as  "  eine  nach  oben 
gewanderte  magmatische  Ausscheidung" — i,  e.,  a  magmatic 
vein-formation. 


"   Oeol  Fdren.  Forhandl^  Stockholm,  vol.  xx.,  p.  116  (1898.) 
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A  pneumatolytic  sedimentary  mode  of  formation  has  been 
maintained  by  Backstrom  and,  later,  by  De  Launay  (1903).  The 
latter  author,  who  gives  the  most  detailed  exposition  of  this 
view,  has  formed  the  following  conception  of  the  process :  The 
porphyry  of  the  foot-wall  is  an  effusive  rock,  on  which  the  iron- 
ore,  formed  through  the  decomposition  of  chloride  and  sulphide 
of  iron  in  contact  with  water,  has  been  deposited.  Later  on  a 
new  eruption  of  porphyry  followed,  by  which  the  porphyry  of 
the  hanging-wall  was  formed. 

This  interpretation  is  based  on  the  opinion  that  the  ore  is 
younger  than  the  porphyry  of  the  foot-wall  and  older  than  the 
porphyry  of  the  hanging-wall,  which,  however,  is  hardly  com- 
patible with  the  fact  that  the  magnetite  is,  in  places,  completely 
surrounded  by  the  basic  porphyry. 

The  above-mentioned  fluidic  structures  in  the  magnetite  can 
be  accounted  for  only  by  assuming  that  the  magnetite,  together 
with  the  greater  part  of  the  apatite,  has  formed  a  segregation 
from  an  iron-alkali-silicate-magma,  intruded  as  a  vein  between 
the  porphyries.  After  this  intrusion  the  effects  of  pneumato- 
lytic agencies,  which  are  especially  well-marked  at  the  contact 
with  the  basic  porphyry,  have  arisen.  Hogbom  has  given  a 
theoretical  exposition  of  the  formation  of  ores  of  this  kind.  He 
starts  from  an  iron-alkali-silicate-magma  composed,  approxi- 
mately, in  the  proportion  of  1  molecule  of  orthoclase,  1  mole- 
cule of  albite,  and  1  molecule  of  magnetite.  Such  a  magma 
differs  in  composition  from  known  and  common  magma-types 
only  by  containing  a  little  more  ferric  oxide  and  a  somewhat 
smaller  amount  of  lime  and  magnesia.  As,  at  the  solidifica- 
tion of  such  a  magma,  the  larger  part  of  the  iron  must  segre- 
gate as  magnetite,  because,  owing  to  the  absence  of  lime  and 
magnesia,  it  cannot  combine  with  the  silica,  the  differentiation 
of  two  rocks,  one  chiefly  consisting  of  magnetite,  the  other  of 
feldspar,  is  easily  accounted  for.  Hogbom,  therefore,  holds  that 
the  alkali-silicate-magmas  rich  in  iron,  to  which  petrography 
has  as  yet  paid  but  little  attention,  have  a  just  claim  to  a  place 
in  the  system,  and  that  their  most  typical  representatives  are 
magnetite-bearing  syenitic  rocks  of  this  kind. 
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Mertainm  and  Painirova. 

An  interesting  illustrative  complement  of  what  is  known 
about  Kiiruna  is  afforded  by  the  statements,  scanty  and  incom- 
plete though  they  are,  which  are  accessible  concerning  Mertai- 
nen,  an  ore-deposit  of  comparatively  little  importance,  situated 
about  30  km.  SE.  of  Kiiruna,  within  the  group  of  deposits  in- 
cluding also  Svappavare  and  Leveaniemi,  from  which,  how- 
ever, it  is  quite  different  as  regards  geological  conditions. 
These  ores,  too,  are  connected  with  a  syenite-porphyry,  mainly 
consisting  of  a  soda-feldspar.  At  the  contact  with  the  deposit 
this  rock  has  undergone  a  more  or  less  advanced  transformation 
of  pneumatolytic  character.  The  original  basic  rock-constitu- 
ents have  altogether  disappeared,  and  new  formations  of  mag- 
nesia-silicates appear  in  their  place.  The  soda-feldspar  has,  in 
part,  been  transformed  into  scapolite,  but  also  biotite  and  titan- 
ite  have  been  produced. 

In  the  syenite-porphyry,  magnetite  occurs,  partly  finely  dis- 
seminated, partly  as  small  segregations  from  the  size  of  an 
almond  to  that  of  an  egg.  These  have  also  been  interpreted  as 
cavity-fillings.  The  deposit  proper,  however,  consists  of  a  mag- 
netite breccia  (Fig.  12) ;  a  fine-grained  magnetite  fills  the  cor- 
rosion-fissures of  the  rock,  sometimes  associated  with  amphi- 
bole,  less  often  with  apatite. 

Several  of  the  ore-bodies  have  been  found  to  extend  to  no 
great  depth.  The  ore  is  a  very  rich  magnetite,  with  a  low  per- 
centage (generally  less  than  0.6)  of  phosphorus. 

A  deposit  of  quite  the  same  character,  Painirova,  occurs  8 
km.  south  of  Mertainen.  Here,  too,  one  meets  with  a  porphyry 
breccia  with  magnetite-veins  and  irregular  ore-nodules ;  some 
of  the  veins  contain  apatite  in  abundance.  The  deposit  seems 
to  be  of  theoretical  interest  only.  The  syenite-porphyry  pre- 
sents partly  a  remarkable  stratiform  structure,  and  the  grada- 
tion from  the  massive  porphyry  into  this  structure  may  be  fol- 
lowed step  by  step. 

The  deposits  of  Mertainen  and  Painirova  are  evidently,  like 
those  of  Kiiruna,  genetically  connected  with  the  syenite-por- 
phyries. But  while  at  Kiiruna  the  magmatic  characters  of  the 
ore-mass  are  most  marked  and  the  pneumatolytic  characters 
subordinate,  at  Mertainen  the  reverse  is  the  case.     Breccia-for- 
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mationB  due  to  corrosion  occur  in  both  places,  but  form  at  Mer- 
tainen  the  larger  portion  of  the  deposit.  The  pneumatolytic 
phenomena  which,  at  Mertainen,  are  manifested  by  a  far-ad- 
vanced scapolitization  of  the  feldspar  of  the  porphyritic  rock 


Syenite  Porphyry. 
^^1  Mm^iiFtit^. 


Fig.  12. — Brecciated  Iron-Ore  from  Mertainen  (W.  Peterasc^'*^- 

and  by  the  formation  of  biotite  and  titanite,  are  at  Kiir  ^^^*  ^* 
minor  importance.  On  the  other  hand,  Mertainen  pr*^^^^^® 
nothing  analogous  to  the  pure  ore-masses  of  magmatic  ^r^rigii^i 
and  partly  of  fluidic  structure,  which  form  the  main  def>os^^^ 
Kiiruna. 
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JEkstromsberg. 

Ekstromsberg  is  situated  about  80  km.  west  of  Kiirunavaara. 
Here,  too,  the  ore-deposit  is  connected  with  porphyry-rocks  of 
syenitic  composition;  in  the  neighborhood,  however,  occur 
granites  as  well  as  greenstones,  probably  belonging  to  the  same 
eruptive  series.  Part  of  the  rocks  show  strong  traces  of 
dynamic  action.  The  rock  on  both  sides  of  the  deposit  is  a 
quartz-porphyry  of  about  the  same  acidity  as  the  quartz-kera- 
tophyre  of  Kiiruna,  yet  differing  from  it  by  being  a  marked 
potash-rock.  The  deposit  consists  of  a  complex  of  magnetite 
and  specular  hematite,  cut  longitudinally  by  intrusive  porphy- 
ries and  porphyrites. 

Though  differing,  by  the  potash  of  the  surrounding  porphyry- 
rock,  from  Kiiruna  and  its  soda-syenite-porphyries,  the  deposit 
of  Ekstromsberg  belongs,  in  other  respects,  to  the  same  well- 
defined  geological  group. 

Besides  the  aforesaid  deposits,  a  great  many  other  iron-ores 
are  known  in  Norrbotten.  These  ores  are  either  associated 
with  syenitic  rocks,  having  then  frequently  a  brecciated  struc- 
ture, or  occur  in  the  crystalline  schists,  sometimes  as  impreg- 
nations of  magnetite,  of  great  extent  but  little  concentrated. 
Owing  to  the  thick  covering  of  moraine,  these  deposits  have, 
as  yet,  been  but  partly  and  imperfectly  examined;  several  of 
them  are  known  only  through  their  effect  on  the  magnetic 
needle.  Most  of  them  seem  to  be  of  little  practical  im- 
portance. 

Analogous  Deposits. 

The  ores  in  Norrbotten  of  the  Kiiruna  type  belong  to  a 
particularly  well-defined  geological-petrographical  type,  which 
is  also  met  with  in  other  parts  of  the  world. 

Hogbom  has  already,  in  the  above-mentioned  paper,  pointed 
out  the  agreement  between  the  iron-ore  deposits  in  the  eastern 
Ural  and  the  Kiiruna  type.  In  the  iron-mountains  of  the  Ural 
a  secondary  epidotization  of  the  rocks  has  taken  place  on  a 
larger  scale  than  in  Norrbotten,  especially  along  certain  planes 
of  dislocation.  On  the  other  hand,  the  pneumatolytic  charac- 
ters so  well  marked  in  the  Kiiruna  type  are  not  met  with  in  the 
deposits  of  the  Ural.  The  secondary  transformations,  such  as 
the  development  of  martite  and  specular  hematite,  the  leaching 
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out  of  pyrite  and  apatite,  the  formation  of  porous  ore  or  ore 
containing  calcite,  and  the  accumulation  of  the  apatite  chiefly 
near  the  foot-wall,  are  common  to  the  two  districts. 

The  ores  of  the  (for  the  most  part  exhausted)  deposits  of 
Iron  Mountain  and  Pilot  Knob  in  Missouri,  which  also  occur 
in  association  with  porphyry-rocks,  have  been  compared  to  and 
classed  with  the  Kiiruna  type  by  several  authors.  At  Iron 
Mountain  the  ore  mined  occurred  as  veins  and  irregular  masses 
of  martite  and  specular  iron-ore  in  a  mostly  decomposed  por- 
phyry of  Archsean  age.  At  Shepherd  Mountain  similar  de- 
posits in  porphyry  were  worked.  The  deposits  of  Pilot  Knob, 
on  the  contrary,  are  secondary  redepositions  of  the  primary 
iron  of  the  porphyry ;  they  seem  to  bear  a  strong  resemblance 
to  the  deposit  of  specular  iron-ore  in  the  Hauki  schists  east  of 
Luossavaara. 

Also,  the  Mexican  deposits  at  Durango  and  Las  Truchas 
agree  in  some  respects  with  those  in  Norrbotten;  but  their 
geological  conditions  have  not,  as  yet,  been  suflSiciently  inves- 
tigated to  make  a  direct  comparison  possible. 

Group  III. — ^Iron-Ores  Formed  by  Magmatio  Sborboation  in 
Basic  Eruptivbs. 

The  ores  of  this  kind  form  a  natural  and  well-defined  class 
encountered  in  all  parts  of  the  world.  That  they  are  geneti- 
cally connected  with  eruptive  rocks  has  long  been  admitted. 
The  nature  of  their  facies  of  differentiation  was  not  understood 
until  the  differentiation  of  rock-magmas  was  clearly  conceived. 
In  this  regard,  their  structural  characters,  which  are  the  same 
as  those  of  the  eruptive  rocks,  and  their  frequent  presentation 
of  all  degrees  of  transition  to  the  normal  rock  are  evidential. 
(Fig.  18.) 

Magmatic  differentiations  of  this  kind  seem  to  be  connected 
only  with  intrusive  eruptives,  and  occur  in  laccolites  as  well  as 
in  vein-like  intrusions.  In  general,  a  distinction  can  be  made 
between  such  differentiations  as  have  taken  place  within  the 
mass  of  the  laccolite,  in  situ^  and  such  as  have  taken  place  in 
the  deep-seated  magma.  In  the  latter  case  the  product  of 
magmatic  segregation  has  been  carried  up  to  the  level  of  the 
laccolite  by  a  separate  act  of  eruption. 
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Fig.  la— Diotbibutionop  Titanifekous  Irok-Obbb. 
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Taberg  in  Smdland. 

As  far  as  a  hundred  years  back  Hausmann  ^  expressed  the 
opinion  that  "  the  mass  of  Taberg  is  a  greenstone  bed  of  toler- 
ably great  thickness,  mixed  with  much  iron-ore  and  lying  in 
gneiss/'  Through  the  investigations  of  A.  Sjogren**  and 
Tornebohm  ^  it  was  established  that  the  ore-deposit  of  Taberg 
ought  to  be  considered  as  a  segregation  in  a  basic  eruptive,  the 
chief  constituents  of  which  are  olivine,  plagioclase,  a  rhombic 
pyroxene  and  magnetite.  The  structure  is  that  of  a  deep-seated 
rock,  and  the  rock,  which  has  been  called  hyperite  by  the 
Swedish  geologists,  is  olivine-norite  according  to  the  nomen- 
clature of  Rosenbusch.  Taberg  was  the  first  iron-ore  deposit 
interpreted  as  a  phase  of  an  eruptive  rock.  Tornebohm  **  says 
that  the  Taberg  ore  "  may  be  regarded  as  a  variety  of  hyperite 
rich  in  iron.''  As  the  ideas  of  magmatic  differentiation  were 
not  clearly  formulated  until  later,  the  nature  of  the  ore  could 
not  in  1881  be  expressed  in  plainer  terms.  The  whole  of  the 
eruptive  constitutes  an  intrusion  (laccolite)  in  the  surrounding 
gneiss,  above  which  it  now  rises,  by  reason  of  its  greater  power 
of  resistance  to  erosion.     (Fig.  14.) 

The  ore-deposit  occupies  the  central  portion  of  the  mountain. 
The  ore-segregation  consists  of  titaniferous  magnetite  and 
olivine  and  has  received  the  petrographical  name  magnetite- 
olivinite.  Where  it  approaches  the  normal  rock,  it  first  takes 
up  plagioclase,  then  pyroxene,  so  that  there  is  a  transition  from 
the  ore  to  the  normal  rock,  which  also  contains  magnetite  and 
olivine.  The  ore-stock  thus  forming  the  kernel  of  the  moan- 
tain,  is  next  surrounded  by  a  shell  or  mantle  of  normal  gabbro, 
which,  in  its  turn,  towards  the  inclosing  gneiss,  passes  into  the 
schistose,  dynamo-metamorphic  border-facies,  the  gabbro-am- 
phibolite. 

The  ore  is  poor  throughout,  carrying  generally  from  20  to  30 
per  cent,  of  iron.  Vein-like  segregations  containing  up  to  60 
per  cent,  occur  as  rare  exceptions.  Titanic  acid  varies  between 
4  and  6  per  cent.;  the  percentage  of  phosphorus  does  not  exceed 
0.1 ;  to  which  may  be  added  a  constant  percentage  of  vanadine. 

^^  Beiae  dvrch  Shandinavien,  1806-07,  Part  I,  pp.  158  to  167. 
»  OeoL  Form.  ForKy  vol.  iii.,  p.  42  (1876). 
»  Qed,  Foren,  Fork,,  vol.  v.,  p.  610  (1881). 
"  Uc,  cU, 
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Fig.  14.— Tabebo  (Tcrnebohm). 
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Vanadine  was  discovered  in  1880  by  Sefstrom  in  ingot-  and 
bar-iron  produced  from  Taberg  ore. 

The  ore  of  Taberg  has  been  mined  since  time  immemorial ; 
during  the  17th  and  18th  centuries  it  was  the  raw-material  of 
a  local  iron-manufacture.  As  late  as  the  fifties  of  last  century 
twelve,  and  in  1875  ten,  small  furnaces  were  in  operation,  which 
used,  chiefly  at  least,  this  ore.  Since  1890,  mining  has  been 
confined  to  the  work  required  by  law  to  escape  forfeiting  the 
licenses. 

Other  minor  deposits  of  the  same  kind  as  Taberg  occur  in 
several  places  of  central  and  southern  Sweden.  At  Inglam&la 
in  Jonkoping  a  similar  deposit  has  been  worked,  the  ore  being 
mixed  for  use  with  Taberg  and  lake  ores. 

Of  essentially  the  same  kind  as  these  Swedish  deposits  are 
also  several  deposits  in  Norway.  According  to  Vogf  s  descrip- 
tion of  the  gabbro-masses  in  Lango  and  Gomo  near  Ejragero^ 
these  deposits  agree  very  nearly  with  that  of  Taberg.  They 
occur  in  an  "  olivine-hyperite,"  and  the  gradual  concentrations 
can  be  followed  from  a  gabbro  rich  in  iron  to  a  darker  facies, 
poorer  in  plagioclase  but  richer  in  magnetite,  at  last  passing 
into  a  rock  containing  no  feldspar,  consisting  of  magnetite  and 
ilmenite  together  with  iron-magnesia-silicates.  The  quantity 
of  this  ore  is  considerable,  and  at  times  it  has  been  mined;  it 
contains  about  40  per  cent,  of  iron  with  from  7  to  10  per  cent, 
of  titanic  acid.  Similar  to  these  is  a  minor  deposit  at  Herre- 
flord  near  Porsgrund ;  of  a  somewhat  different  character  is  the 
deposit  at  Krekling,  6  km.  E.  of  Kongsberg.  The  latter  is  dis- 
tinguished by  an  uncommonly  strong  concentration  of  apatite 
in  connection  with  the  iron-segregatiou.  The  ore,  consisting 
of  concentrations  of  titano-magnetite,  iron-magnesia-silicate  and 
apatite  (sometimes  amounting  to  26  per  cent.),  occurs  in  a  gab- 
bro containing  hypersthenite. 

To  this  group  we  may  probably  also  refer  the  numerous 
smaller  deposits  of  more  or  less  titaniferous  ores  which  occur 
in  many  places  in  the  older  Archsean  formation,  in  Sweden  as 
well  as  in  Norway,  in  diorites,  amphibolites  and  amphibolite- 
schists,  which  rocks  are  to  be  interpreted  as  dynamo-meta- 
morphosed eruptives.  Such  dynamo-metamorphosed  basic 
eruptives  with  iron-ores  are  known  from  Rodsand,  Tingvolds- 
Qord  in  Romsdal,  where  the  deposit  is  said  to  lie  in  red  and 
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gray  gneiss;  the  iron-ore  is  titano-magnetite  containing  8.20 
per  cent,  of  TiO,  and  52  per  cent,  of  Fe,  mixed  with  amphi- 
bole  and  a  little  garnet.  Of  similar  character  is  a  deposit  at 
Stalkjarn  near  Egeland,  in  Nedenas. 

Segregations  in  Diabase  Younger  than  the  Dala-Sandstone. 
In  the  small  islands  scattered  along  the  coast  of  Angerman- 
land  occurs  a  diabase  in  large  masses  overlying  the  Algonkian 
quartzite  formation.  The  diabase  forms  bed-like  intrusions  be- 
tween the  stratified  quartzites,  and  has  been  laid  bare  by 
erosion.     It  is  an  olivine-diabase  of  the  type  to  which  Torne- 
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Fig.  15. — Banded  Iron-Ore  from  UlfO  (H.  Lundbohm). 

bohm  has  given  the  name  Asby  diabase.  The  structure  of  this 
rock  is  ophitic ;  frequently  a  remarkable  alternation  of  light 
and  dark  bands  (leucocratic  and  melanocratic  beds)  is  observ- 
able; in  the  melanocratic  bands  a  concentration  of  titano-mag- 
netite has  sometimes  taken  place  to  a  degree  that  gives  them 
the  character  of  iron-ore.  This  is  the  case  in  the  islands  of 
Ulfo,  where  a  horizontal  bed  from  0.3  to  0.5  m.  in  thickness  and 
of  fairly  large  extent  has  been  worked.  (Fig.  15.)  Overlying 
and  underlying  this  bed  there  are  several  thinner  ore-bands 
presenting  a  regularity  like  that  of  stratified  rocks.  It  is 
evident  that  the  distribution  into  bands  which  the  magnetite 
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shows  is  due  to  the  movement  during  the  injection  of  the 
magma,  and  that  the  differentiation  has  taken  place  in  the 
deep-seated  magma  basin.  (The  deposits  in  TJlfo  bear  great  re- 
semblance to  the  banded  gabbro  in  the  isle  of  Skye,  described 
by  Harker,  and  that  of  Deneschkin-Kamen  in  the  northern 
Ural,  described  by  Loewinson-Lessing.) 

The  percentage  of  titanic  acid  may  amount  to  25  per  cent. 
In  the  island  of  Trysunda  the  segregations  occur  in  more  irregu- 
lar masses  (Fig.  16).  These  ores  are  known  since  the  middle 
of  the  18th  century,  and  have  at  times  been  utilized  on  a  small 
scale — the  quantity  mined  seems  never  to  have  exceeded  1,000 
tons  in  the  year — for  the  small  blast-furnaces  in  the  neighbor- 
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Fig.  16. — Segregations  of  Iron-Ore,  Island  of  Trysunda  (Lundbohm.) 

hood,  in  which  they  have  been  mixed  with  other  ores.     Since 
1876  no  work  has  taken  place. 

Iron-Ore  in  Nepheline-Syeniie. 

In  the  island  of  Alno,  off  Sundvall,  occurs  a  boss  of  nephe- 
line-syenite  investigated  and  described  by  Hogbom.  Dike- 
formed  rock-facies  of  the  same  eruptive  series  run  through  the 
Ashy  diabase ;  the  syenite-rocks,  consequently,  are  also  younger 
than  the  sandstone  which  underlies  the  diabase.  The  rock 
presents  within  the  mass,  of  only  about  4  km.  in  extent,  a  great 
many  varying  differentiated  facies,  with  transitions  from  one  to 
another.  Also,  limestones  occur,  which  have  been  interpreted 
as  segregations  of  an  ultra-basic  magma.  In  places  the  titano- 
magnetite  has  concentrated  to  poor  ores,  mostly,  however,  only 
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impregnations.  Like  the  rock  itself,  these  concentrations  are 
of  highly  varying  composition;  some  of  them  show  a  large 
amount  of  apatite  with  a  P-content  of  7  per  cent. ;  others  are 
free  from  phosphorus.  The  concentration  of  titano-magnetite 
has  been  accompanied  with  a  concentration  of  olivine ;  on  the 
other  hand,  feldspar  is  absent  from  the  basic  differentiations, 
which  is  also  frequently  the  case  with  titanite,  nepheline  and 
cancrinite.  For  the  rest,  the  ore  is  mostly  accompanied  by 
pyroxenes.  The  percentage  of  titanic  acid  also  varies  from  9 
to  12  per  cent.  These  ore-deposits  were  worked  in  several 
small  mines  during  the  middle  and  latter  part  of  the  18th  cen- 
tury. Abandoned  towards  the  end  of  that  century,  the  mines 
were  again  worked  in  the  beginning  of  the  eighties  of  last 
century,  but  were  abandoned  again  in  1884.  On  account  of 
their  high  percentage  of  titanium,  the  frequently  high  amount 
of  phosphorus  and  the  low  iron-percentage,  a  profitable  exploi- 
tation of  these  ores  is  not  very  likely. 

Ekersund  and  Soggendal  in  Norway. 

In  these  localities  the  ore-deposits  occur  in  a  district  of  igne- 
ous rocks  extending  over  1,450  sq.  km.,  and  forming  a  section 
of  a  colossal  laccolite  consisting  of  a  series  of  highly  differen- 
tiated basic  rocks  of  eugranitic  structure.  The  age  of  the 
intrusion  is  considered  to  be  post-Silurian.  The  most  im- 
portant differentiation-facies  are:  a  feldspar  rock  consisting 
chiefly  of  labradorite,  which  occupies  about  two-thirds  of  the 
area;  norites;  and  augite-granites ;  the  firstrmentioned  rock 
being  the  oldest.  Dikes  of  pegmatitic  norite  occur,  besides 
dikes  of  norite  of  normal  grain  and  of  olivine-diabase.  In  the 
labradorite-rock  as  well  as  in  the  norite  occur  differentiation- 
facies  rich  in  ilmenite,  partly  as  ilmenite-norite,  partly  as  veins 
of  pure.ilmenite.     (Fig.  17.) 

The  deposits  are  distributed  in  two  areas,  the  southernmost 
of  which  is  the  Soggendal  field,  where  the  main  deposit  is 
Storg&ngen,  a  dike  of  ilmenite-norite,  which,  with  sharply-de- 
fined boundaries,  traverses  the  labradorite-rock ;  its  length  is 
over  4.6  km.,  the  width  varies  between  20  and  70  m.,  it  con- 
tains from  40  to  80  per  cent,  of  titanic  iron,  corresponding  to 
from  20  to  40  per  cent.  Fe.  The  rock  is  often  banded  along  the 
borders  of  the  dike  in  alternating  melanocratic  and  leuco- 
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cratic  schlieren^  indicating  a  differentiation  in  the  deep-seated 
magma.  It  sometimes  contains  sharp-edged  fragments  of  the 
wall-rock.  In  Bl&Qeld,  irregular  segregations  up  to  50  m.  in 
extent,  of  nearly  pure  titanic  iron,  are  met  with.  (Fig.  18.) 
According  to  Kolderup  these  deposits  are  in  part  real  intrusive 
dikes,  younger  than  the  surrounding  labradorite-rock,  in  part 
schliereny  lenses  and  dike-shaped  masses  formed  by  magmatic 
MJ^M  SS£. 


Fig.  17.— Profile  op  StorgXngen,  Soggendal  (Vogt). 


concentration  in  situ.  The  former  (type  Storg&ngen)  owe  their 
origin  to  a  differentiation  of  the  deep-seated  magma,  the  latter 
(type  Bl&fjeld)  to  a  laccolitic  differentiation.  Kolderup  de- 
scribes ten  such  deposits,  some  of  which  occur  as  segregations, 
some  as  dikes.  They  are  met  with  in  the  labradorite-rock  as 
well  as  in  the  norite;  the  ilmenite  dikes  are  consequently 
younger  than  these  two  rocks. 


Fig.   18. — BlIfjeld,  Soggendal  (Vogt). 

In  the  Ekersund  field,  dikes  of  titanic  iron  of  very  irregu- 
lar character  occur  distributed  along  a  large  dike  of  olivine- 
diabase.  The  ore-deposits,  from  50  to  400  m.  in  length  and  up  to 
40  m.  in  breadth  (only  two  of  them,  however,  reach  the  latter 
dimension),  frequently  contain  pure  titanic  iron.  As  these  de- 
posits show  sharply-defined  boundary-lines  at  the  contact  with 
the  inclosing  rock,  and  also  contain  fragments  oi  it,  it  can 
hardly  be  doubted  that  they  are  true  dikes. 
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The  ores  of  this  district  have  been  worked  at  different 
periods.  Every  attempt  at  a  profitable  exploitation  has,  how- 
ever, proved  a  failure,  owing  to  the  high  percentage  of  titanic 
acid  and  the  low  percentage  of  iron.  On  an  average,  they 
may  be  said  to  contain  40  per  cent.  Fe.  and  from  40  to  42  per 
cent,  of  titanic  acid. 

In  the  Soggendal  field  a  good  deal  of  mining  work  was  per- 
formed from  1864  to  1876,  especially  in  Storg&ngen  and  B1&- 
^eld.  Also  in  the  Ekersund  field  a  considerable  quantity  of 
ore  was  mined  from  1870  to  1875,  and  the  total  export  from 
the  two  fields  from  1864  to  1876  amounted  to  about  90,000 
tons  of  ore,  with  an  average  percentage  of  40  per  cent,  of  iron 
and  40  per  cent,  of  titanic  acid.  These  ores  were  mined  by 
the  Norwegian  Titanic  Iron  Co.,  and  were  smelted  at  the 
works  of  the  company  at  Norton,  near  Stockton-on-Tees,  Eng- 
land. In  1899  and  1900  a  few  thousand  tons  were  extracted 
from  the  Soggendal  mines. 

Deposits  of  the  same  type  as  Ekersund  and  Soggendal  are 
known  in  a  great  many  places  along  the  coast  of  Norway. 
The  abrasion  by  the  Atlantic  and  the  deep  indentation  of  the 
Qords  running  far  inland  have  laid  bare  a  large  number  of 
similar  laccolites.  Kolderup  describes  such  deposits  in  the  lab- 
radorite-rock  field  of  the  peninsula  of  Bergen,  where  minor 
deposits  occur  in  groups  at  several  places.  At  Bogsto  in 
Skonevik,  the  peninsula  of  Polgefonden,  such  segregations 
occur  in  gabbro.  The  age  of  the  rock  and  its  geological 
correspondence  to  the  aforesaid  eruptive  series  is,  however, 
uncertain. 

JRoutivare. 

One  of  the  largest  deposits  of  this  class  in  Scandinavia  is 
Routivare  in  Norrbotten.  This  deposit,  which  has  been  known 
for  a  long  time,  was  formed  by  segregations  in  an  intrusive 
rock  occurring  as  a  laccolite  in  the  metamorphic  Silurian  for- 
mations. The  strongly  dynamo-metamorphosed  character  of 
the  rock  may  possibly  be  explained  as  depending  on  its  occur- 
rence in  the  overlap-zone  running  along  the  eastern  slope  of 
the  Scandinavian  mountain-range.  The  ore-area  has  been 
estimated  at  800,000  sq.  m.  at  the  surface.  The  eruptive 
rock  consists  of  a  gabbro  altered  almost  past  recognition  and 
strongly   saussuritized.      The    primary  basic    minerals   have 
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totally  disappeared;  sometimes  secondary  aggregations  of  am- 
phibole,  serpentine,  and  garnet  occur.  The  plagioclase  is 
mostly  recrystallized.  The  structure  generally  shows  a  lami- 
nation due  to  crystallization.  The  chemical  composition 
agrees,  in  the  main  mass  of  the  rock,  with  that  of  a  labradorite 
rock.  Besides  this  rock  there  occur  in  places,  partly  accom- 
panying the  ore,  segregations  rich  in  Mg  and  a  composition 
corresponding  to  that  of  an  olivine  rock.  The  iron-ore,  which 
occurs  in  highly  irregular  segregations,  traversing  the  rock  ir- 
regularly and  with  sharply-defined  bounding  surfaces,  consists 
chiefly  of  titaniferous  magnetite,  but  also  contains  ilmenite ; 
other  minerals  met  with  are  spinel,  olivine,  and  pyroxene.  This 
ore  carries,  in  round  numbers,  50  per  cent,  of  iron,  and  10  per 
cent.,  or  more,  of  titanic  acid. 

The  deposit  at  Vallatj,  a  few  kilometers  north  of  Routivare, 
is  of  similar  character,  but  of  smaller  extent,  with  an  ore-area 
only  one-eighth  or  one-tenth  of  that  of  Routivare. 

Summary. 

Though  the  rocks  which  inclose  the  deposits  of  this  class 
differ  in  composition  (as  real  gabbros,  norites,  diabases  or  neph- 
eline-syenites),  as  well  as  in  age  (some  of  them  belonging  to 
the  oldest  Archsean  formation,  and  the  youngest  dating  from 
post-Silurian  time),  yet  a  marked  degree  of  basicity  seems  to 
be  a  necessary  condition  for  the  formation  of  such  conceotra- 
tions.  Vogt  puts  the  highest  acidity  at  57  per  cent.  SiO, 
The  majority  of  the  deposits  occur  in  rocks  with  a  silica-per- 
centage of  from  48  to  54  per  cent  The  different  facies  of 
gabbro-rocks  inclose  deposits  of  different  character.  The  pure 
ilmenite-segregations  (Ekersund,  Soggendal,  Lofoten,  etc.), 
seem  to  be  confined  to  the  labradoritic  rock.  In  the  same  rock- 
series  we  also  find  the  ilmenite-norite.  In  the  olivine-gabbro, 
rich  in  magnesia,  which  incloses  the  deposit  of  Taberg,  the  seg- 
regation has  assumed  the  mineralogical  character  of  magne- 
tite-olivinite,  and  in  the  rocks  which  are  richer  in  alumina, 
magnetite-spinellite  has  been  segregated,  as  at  Routivare,  Ando- 
pen,  on  Stjerno  in  Finnmarken,  and  elsewhere. 

A  remarkable  feature  of  the  ore-concentrations  in  question 
is  their  occurrence,  almost  without  exception,  in  the  central 
parts  of  the  eruptive  masses.     This  gives  them  a  character  dif- 
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ferent  from  that  of  those  concentrations  of  basic  constituents 
in  an  eruptive  rock  which  are  often  met  with  along  the  mar- 
gins of  rock-veins,  and  in  which  the  enrichment  has  not  pro- 
ceeded so  far  as  to  form  an  iron-ore. 

As  to  the  degree  of  concentration  of  the  iron,  the  ore-types 
differ  also  from  one  another.  The  concentrates  richest  in  iron 
are  the  magnetit^-spinellites,  with  an  iron-percentage  exceed- 
ing 50  per  cent  (Routivare,  50  to  54 ;  Solnor,  54 ;  Hellevig, 
51 ;  Andopen,  nearly  60).  Next  to  these  come  the  segrega- 
tions of  the  nepheline- syenites,  of  which  in  Alno  some  con- 
tain from  46  to  53  per  cent. ;  and  after  these  the  ilmenite-seg- 
regations  in  the  labradoritic  rock  and  the  norite,  with  about 
40  per  cent,  of  iron,  and  nearly  as  high  a  percentage  of  titanic 
acid.  Poorer  still  are  the  ores  of  the  olivine-gabbros  of  the 
Taberg  type,  which  contain  little  more  than  80  per  cent,  of 
iron.  Comparable  to  them  are  the  ores  of  the  oli vine-diabase 
(the  TJlfo  type),  with  about  34  per  cent.  At  the  bottom  of  the 
scale  stands  the  ilmenite-norite,  the  Storg&ng  type,  with  about 
21  per  cent,  of  iron. 

Besides  the  iron,  it  is  chiefly  the  titanic  acid,  the  magnesia, 
and  the  alumina  that  have  been  concentrated.  The  percentage 
of  titanic  acid  is  highest  in  the  ilmenite-segregations  of  the 
labradorite  and  norite,  where  it  amounts  to  from  39  to  43  per 
cent. ;  next  come  the  ilmenite-norites,  which  contain  18  per 
cent. ;  the  magnetite-spinellites  (type  Eoutivare)  vary  between 
10  and  18  per  cent.;  the  segregations  of  the  nepheline-syenite 
show  about  10  per  cent,  (the  Trygg  mine,  in  Alno,  from  9.10 
to  12.14) ;  in  the  Taberg  type,  the  magnetite-olivinite,  the  per- 
centage of  titanium,  like  that  of  iron,  is  the  lowest — viz.,  6.30 
in  the  Taberg  ore  and  8.50  in  the  ore  of  L&nghult.  The  Ulfo 
type,  with  about  10  per  cent.  TiO„  shows  the  greatest  agree- 
ment with  the  Taberg  type. 

The  concentration  of  magnesia  has  taken  place  not  so  much 
in  the  ore  as  in  the  concentration-facies  between  the  normal . 
rock  and  the  segregations  richest  in  iron.  It  manifests  itself 
in  the  formation  of  Mg-Fe-silicates  of  the  olivine-  and  pyroxene- 
groups.  The  rock-facies,  which  have  received  the  names  mag- 
netite-olivinite, ilmenite-norite,  and  ilmenite-enstatite,  have 
originated  in  this  way.  A  certain  percentage  of  Mg  is  found 
even  in  the  purest  segregations  of  ilmenite  in  the  labradoritic 
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rock,  owing  to  a  mixture  with  MgTiO,.  The  alumina  left  in 
the  final  concentrates  combines  particularly  with  the  magnesia, 
thus  forming  spinel,  the  formation  of  which  is  favored  by  the 
relation-deficiency  of  silica  in  the  magma.  This  mineral  occurs 
in  the  following  ore-types :  the  magnetite-olivinite  (Ransberg) ; 
the  ilmenite-norite  (Ekersund);  and  the  magnetite-spinellite 
(Routivare,  Hellevig,  Lofoten,  and  Stjerno).  Vogt  has  called 
attention  to  the  fact  that  the  Mg-percentage  increases  in  the 
first  stage  of  concentration  and  then  diminishes.  While  the 
original  magma  contains  more  Al^O,  than  MgO,  the  case  is 
quite  the  reverse  in  the  earlier  stages  of  concentration.  In  the 
final  product,  however,  the  amount  of  alumina  again  exceeds 
that  of  magnesia. 

Besides,  the  aforesaid  substances,  chrome  and  vanadium, 
which  occur  in  small  quantities,  have  undergone  a  concentra- 
tion. The  phosphorus,  on  the  other  hand,  is  not  in  general 
concentrated  to  any  noteworthy  degree.  To  this,  however, 
there  are  exceptions,  such  as  the  segregations  of  ilmenite-norite 
traversing  the  labradoritic  rock  in  the  Soggendal-Ekersund 
field,  which  contain  a  fairly  high  percentage  of  phosphorus, 
while  the  surrounding  rock  carries  little,  and  the  above-men- 
tioned concentrations,  rich  in  apatite,  in  the  hypersthene-gab- 
bro  at  Krekling,  Norway,  and  also  in  the  nepheline-syenite  of 
Alno. 

That  silica,  lime  and  alkalies  occur  in  smaller  quantities  in 
the  concentrates  than  in  the  rest  of  the  rock-mass  is  manifested 
mineralogically  by  the  total  absence  of  feldspar  from  these  con- 
centrations. 

Vogt  has  pointed  out  ^  that  in  several  places  in  Lofoten  and 
Vesteraalen,  in  the  labradoritic  rock  containing  olivine  and 
hypersthene,  there  are  besides  segregations  of  magnetite-dial- 
agite,  also  schlierenAike  segregations  of  pure  olivine  rock  as 
well  as  of  hypersthenite,  This  shows  that  in  the  same  magma 
differentiation  processes  following  different  lines  have  taken 
place  nearly  contemporaneously.  As  extreme  basic  segrega- 
tions the  limestones  occurring  in  the  nepheline-syenite  may 
also  be  explained. 

Many  different  attempts  to  suggest  the  cause  of  these  differ- 

«  ZeiUchr.f,  praJc,  Geo/.,  vol.  xiv.,  pp.  217  to  233  (1906). 

[56  ] 


GEOLOeiCAL   RBLATIONS   OF   SCANDINAVIAN   IRON-ORES. 

entiations  have  been  made,  but  no  satisfactory  explanation  has 
as  yet  been  proposed."  It  seems  as  if,  with  respect  to  this 
kind  of  segregations,  the  view  according  to  which  the  magma 
is  regarded  as  a  mixture  of  different  liquids,  partly  insoluble 
in  one  another,  were  decidedly  preferable  to  the  theory  which 
considers  the  laws  of  dilute  solutions  applicable  to  the  magma. 
The  principle  of  limited  solubility  must  be  considered  as  the 
physico-chemical  principle  governing  the  differentiation-phe- 
nomena of  silicate-magmas  in  general. 

Neither  "Soret's  principle,"  nor  any  other  form  of  the  theory 
of  diffusion,  nor  "connection  currents,"  nor  the  magnetic  at- 
traction of  the  "  liquid  molecules,"  nor  the  different  weight  of 
the  segregated  solid  constituents  can  afford  an  explanation  of 
differentiation-phenomena  of  this  kind.  The  geological  condi- 
tions also  seem  to  harmonize  better  with  the  view  which  con- 
nects the  differentiation  with  the  segregation  and  solidification 
of  liquids  insoluble  in  the  remaining  magma.  These  are  sepa- 
rated out  in  consequence  of  the  cooling  of  the  magma,  by 
which  the  conditions  of  solubility  are  changed,  or  of  the  escape 
of  water  or  other  mineralizers ;  the  segregation  takes  place  at 
first  in  the  form  of  drops  throughout  the  magma,  which  drops, 
on  account  of  the  surface-tension,  have  a  decided  tendency  to 
coalesce  and  fiow  together  into  schlieren  and  larger  concen- 
trations. Which  of  the  liquids  is  attracted  to  the  side-walls 
and  solidifies  there,  and  which  of  them  solidifies  in  the  center, 
will  in  each  case  depend  on  the  relative  force  of  the  adhesion 

to  the  side-walls. 

Analogous  Deposits. 

Titaniferous  iron-ore  segregations  in  basic  eruptive  masses 
constitute  a  well-defined  class,  which  has  representatives  in  all 
parts  of  the  world.  Several  of  the  different  types  found  in 
Scandinavia  occur  in  other  countries  also. 

In  the  United  States  and  Canada  these  ores  have  long  been 
grouped  together  as  a  separate  class,  and  a  great  many  deposits 
of  this  kind  have  been  described. 

The  magnetite-olivinite  or  Taberg  type  is  analogous  to  the 
deposit  at  Iron-mine  Hill  in  Cumberland,  R.  I.,  described  by 
Wadsworth,  though  the  latter  is  of  smaller  dimension.     The 

^  Vogt,  Zeitachr.f,  prak.  OtoL,  vol.  ix.,  pp.  327  to  340  (1901). 
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"  gabbro  titanio-iron-ores  "  of  the  Mesabi  range  in  Minnesota, 
described  by  N".  H.  and  H.  V.  Winchell,  also  seem  to  come 
very  near  to  the  type,  though  the  concentration  of  the  iron  and 
the  titanium  has  in  these  ores  proceeded  further.  Among  the 
segregations  occurring  in  large  masses  in  the  various  gabbro 
and  labradoritic  rocks  of  the  eastern  Adirondacks,  the  Taberg 
as  well  as  the  Ekersund  type  is  represented. 

Perfect  analogies  to  the  Ekersund  type  of  ilmenite-segrega- 
tions  in  labradoritic  rock  are  offered  by  the  Canadian  ilmenite- 
deposits  of  Quebec  and  Ontario,  which  frequently  contain  from 
80  to  40  per  cent,  of  titanic  acid  and,  in  consequence  thereof, 
a  low  percentage  of  iron.  Some  of  these  ores  seem  to  consist 
of  a  mixture  of  ilmenite  and  titano-magnetite  with  a  diminu- 
tion of  the  percentage  of  titanic  acid  and  an  increase  of  that  of 
iron.     The  inclosing  rocks  are  labradorite  and  norite. 

Deposits  analogous  to  -the  magnetite-spinellites  of  the  Routi- 
vare  type  also  occur  in  the  United  States — namely,  the  chemi- 
cally closely  allied  magnetite-spinellite  deposits,  accompanied 
by  corundum,  in  the  norites  of  the  Cortland  series,  described 
by  G.  H.  Williams.^ 

To  the  titanic  ores  of  the  nepheline-syenites  correspond 
segregations  of  quite  the  same  character  in  the  rock-series  of 
Magnet  Cove.*^ 

Utilizatioiu 

Prom  the  above  it  appears  that  the  Scandinavian  countries 
inclose  very  large  supplies  of  iron-ores  of  this  kind,  and  that, 
in  reality,  some  of  these  deposits,  such  as  Taberg,  Routivare, 
Ekersund-Soggendal,  etc.,  are  among  the  largest  iron-ore  de- 
posits in  Sweden  and  Norway.  Numerous  attempts  at  exploit- 
ing them  have  been  made  in  different  parts  of  the  two  countries. 
Taberg  has  given  rise  to  a  local  iron  industry  on  a  small  scale 
carried  on  during  two  centuries.  The  ores  of  Ulf o  have  been 
used  in  several  blast-furnaces  in  Norrland;  from  Ekersund- 
Soggendal  during  a  succession  of  years  ore  was  exported  to 

**  **The  Iron-Ore  and  Emery  in  the  Ck>rtlandt  Norites,"  in  Norites  of  the 
"  Cortland t  Series/'  on  the  Hudson  River  near  Feekskill,  N.  Y.,  American  Jour- 
nal of  Science,  Third  Series,  vol.  zxxiii.,  p.  194  (1887). 

**  H.  S.  Washington.  Igneous  CJomplex  of  Magnet  Cove,  Arkansas,  Bulletin  (f 
the  Geological  Society  of  America,  vol.  xL,  pp.  389  to  416  (1900). 
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England  and  smelted  there ;  numerous  minor  mines  scattered 
all  over  Sweden  and  Norway  bear  testimony  to  the  attention 
which  these  deposits  have  attracted.  However,  all  these 
attempts  have  been  given  up  because  of  the  unfitness  of  the 
ores  for  metallurgical  purposes,  which  is  also  the  cause  why 
all  or  nearly  all  other  titaniferous  iron-ores  all  over  the  world 
lie  unworked. 

Group  IV. — The  Iron-Orb3  of  the  Metamorphosed  Cambro- 
SiLURiAN  Schists. 

These  ores,  which  form  a  very  well-defined  geological  class, 
are  also  territorially  confined  to  a  certain  "  ore-province."  They 
occur  exclusively  within  the  area  of  more  or  less  metamorphosed 
schists  which  forms  the  greater  part  of  the  mountain-districts 
of  the  Scandinavian  peninsula  north  of  the  65th  degree  of  lati- 
tude. Through  the  abrasion  of  the  Atlantic  and  the  erosion  the 
ore-bearing  horizons  have  in  places  been  laid  bare ;  these  ores 
are  therefore  almost  exclusively  confined  to  the  Norwegian 
coast  and  the  valleys  penetrating  into  the  country  from  the  sea. 
The  Qord-valleys  deeply  indenting  the  coast,  as  well  as  the 
nearest  islands,  are  rich  in  deposits  of  this  kind. 

These  ores  have  long  been  known,  but,  in  spite  of  the  favor- 
able situation  of  several  of  the  larger  deposits  on  or  near  the 
Atlantic,  they  have  been  exploited,  either  not  at  all  or  to  very 
small  extent,  by  reason  of  their  low  percentage  of  iron.  Only 
since  the  introduction  of  magnetic  ore-concentration  have 
attempts  been  made  to  utilize  them  for  export  on  a  larger  scale. 

The  Geological  Horizon. 

The  metamorphic  schists  in  which  these  ores  occur  form  a 
mighty  complex  of  argillaceous  and  quartzite  schists,  gneisses, 
limestones  and  dolomites.  Vogt  has  proposed  to  divide  them 
into  the  Sulitelraa  schists,  the  younger  gneiss  group,  and  the 
mica-schist-marble  group. 

The  whole  of  this  series  of  strata  has  the  character  of  a 
shallow-water  formation,  while  the  absence  of  conglomerates, 
the  regular  stratification,  and  the  horizontal  persistence  of  the 
rock-members,  evidently  prove  that  litteral  formations  do  not 
enter  into  its  composition.  On  the  other  hand,  the  abundantly 
thick  limestones,  and  the  more  quartzose  than  argillaceous 
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character  of  the  schists,  indicate  that  it  is  not  a  deep-water 
formation. 

On  the  whole,  one  may  distinguish  in  this  rock-series  an 
easterly,  more  phyllitic  facies,  which  lies  chiefly  on  the  SwecUsh 
slope  of  the  Scandinavian  highlands,  and  a  westerly  facies, 
which,  owing  to  the  dynamo-metamorphic  agencies  accompany- 


FiG.   19. — DisTEiBUTiON  OP  Okb-Deposits  of  Metamosphosed  Gambbo- 
Silurian  (Vogt). 

ing  the  rock-plication,  has  received  a  more  crystalline  char- 
acter. The  degree  of  this  crystalline  character  varies  very 
rapidly,  also,  in  a  vertical  direction.  Thus  the  rocks  of  the 
so-called  younger  gneiss  group  show  throughout  a  more  crys- 
talline development  than  the  underlying  schists  of  the  mica- 
schist-marble  group. 
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Prom  fossils,  chiefly  found  in  the  less  metamorphosed  schists 
on  the  Swedish  side,  all  these  formations  have  been  shown  to 
be  of  Paleozoic  age.  Also,  in  the  vicinity  of  Sulitelma,  on  the 
very  border  between  Sweden  and  Norway,  fossils  (encrinites) 
have  been  met  with  in  a  limestone,  which  occupies  a  lower 
level  than  the  schists  of  the  Sulitelma  complex.  These  dis- 
coveries of  fossils  do  not,  however,  afford  an  exact  determina- 
tion as  to  the  age  of  the  series. 

The  rock-plication  within  this  area  began  in  Silurian  time, 
and  continued  long,  ere  it  was  completed  during  a  post-Silu- 
rian, perhaps  a  post-Devonian,  period.  In  connection  with  the 
rock-plication,  there  occurred  great  intrusions  of  igneous  rocks 
in  the  form  of  laccolites,  sheets  and  dikes.  The  intrusions 
are  represented  by  basic  as  well  as  acid  eruptive  rocks,  in 
composition  ranging  from  peridotites,  olivine-gabbros  and  other 
gabbro-rocks  to  light-colored  granites  rich  in  soda,  forming  to- 
gether a  rock-series  of  obvious  "  consanguinity." 

Within  this  sedimentary  complex  the  iron-ores  occupy  sev- 
eral horizons  in  the  central  and  upper  parts  of  the  mica-schist- 
marble  group.  The  ores  seem  exclusively  to  accompany  the 
limestone  and  dolomite,  an  association  which  forms  one  of  their 
most  characteristic  geological  features.  The  known  deposits 
of  this  class  occur  between  Vefsen  as  the  southernmost  locality 
(about  65®  50'  N.  Lat,)  and  Sydreisen  in  the  province  of 
Tromso  (69®  10'  N.  Lat),  along  a  line  of  about  450  kilometers. 

Dunderland. 

The  most  important  and  best  known  of  the  deposits  of  this 
class  are  those  of  the  Dunderland  valley,  which  runs  NE.  from 
the  interior  end  of  the  Ranen  fjord.  The  Arctic  circle  crosses 
these  deposits,  which  are  distributed  along  a  line  of  more  than 
40  kilometers. 

The  relations  of  the  Dunderland  field  are  somewhat  com- 
plex, and  have  not,  as  yet,  been  sufficiently  investigated.  On 
the  whole,  the  strata  of  the  mica-schist-marble  group  are  found 
in  the  bottom  of  the  valley  and  the  younger  gneiss  in  the  sur- 
rounding heights.  But  the  details  are  much  more  intricate  than 
Vogt's  schematic  representation^  suggests.     The  inclination  of 

^  Dunderlandsdalens  Jeramalmafelti  Norg,  OeoL  Unders,,  No.  15  (1894),  and 
Dei  Nordlige  Norges  Bergverksdrift,  1902,  Zeitschr,  /.  prak.  Oeol,  vol.  zi.,  pp.  24 
to  2S,  59  to  66  (1903). 
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the  strata  varies  considerably ;  a  change  of  the  dip  from  nearly 
horizontal  to  highly  inclined  or  vertical  is  observable  within 
short  distances.  Owing  to  a  strong  plication  the  same  ore-bear- 
ing layer  will  occur  reduplicated,  and  the  thickness  of  the  lime- 
stone-beds is  multiplied.  Laccolites  and  sheets  of  light  granite 
occur  in  many  places  between  the  stratified  rocks  without  ex- 
ercising any  influence  on  the  character  of  the  ores.  In  general, 
this  iron-formation,  which  may  be  regarded  as  a  member  of  the 
stratified  rocks,  does  not  occur  close  to  the  limestone  or  dolo- 
mite, but  is  separated  from  it  by  a  layer  of  barren  schist  up  to 
a  few  meters  in  thickness. 

The  iron-formations  may  be  followed  for  several  kilometers 
without  interruption ;  their  thickness  may  amount  to  100  m. 
or  more,  but  sometimes  diminishes  to  less  than  10  m.  Their 
contacts  are  sometimes  sharply  defined,  but  frequently  the  iron- 
formation  passes  gradually  into  the  surrounding  schists. 

The  iron-formation  consists  of  the  usual  mineral  constituents 
of  the  quartz-schists — u  e.,  mainly  of  quartz  and  light  mica,  with 
which  specular  hematite  (generally  scaly)  and  magnetite  are 
associated.  Green  pyroxenes  and  amphiboles  are  generally 
present,  besides  occasional  epidote  and  garnet.  The  iron-per- 
centage varies ;  the  rock  graduates  on  one  side  into  the  usual 
schist  nearly  free  from  iron,  on  the  other  into  the  richer  ore- 
concentrations.  Generally  speaking,  the  iron-percentage  varies 
between  15  and  40. 

Within  these  primary  ferriferous  formations  occur  the  richer 
iron-deposits  which  may  be  regarded  as  ores.  In  a  few  places 
these  have  attained  an  iron-percentage  of  about  55.  This  is, 
however,  exceptional.  Generally,  the  ore  contains  about  40 
per  cent.  Since  only  about  one-third  of  the  iron  occurs  as  mag- 
netite, magnetic  concentration  is  diflicult. 

Barren  portions  of  the  common  quartzitic  schist  frequently 
occur  inclosed  in  the  ore.  The  ore  contains  the  same  second- 
ary minerals  as  the  iron-formation  and  in  greater  quantity.  Only 
exceptionally  is  it  mixed  with  lime. 

The  area  of  the  outcrops  of  the  workable  deposits  in  the  part 
of  the  field  belonging  to  the  English  company,  the  Dunderland 
Iron  Ore  Co.,  is  stated  to  be  577,000  sq.  m.  In  this  computa- 
tion, however,  part  of  the  less  rich  iron-formation  seems  to 
have  been  reckoned  in,  and  an  iron-percentage  of  32.5  some- 
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times  included.  The  average  iron-percentage  is  said  to  be  38.6, 
and  the  quantity  of  ore  that  can  be  extracted  by  open  cuts  above 
the  level  of  the  valley  is  estimated  at  about  89,000,000  tons. 

The  greater  part  of  these  considerable  ore-deposits  was  ac- 
quired in  1902  by  the  above-mentioned  English  company  with 
a  view  to  producing,  by  magnetic  concentration,  after  the  sys- 
tem of  Edison,  briquettes  carrying  65  per  cent,  of  iron  from 
the  38  per  cent.  ore.  At  the  same  time  the  percentage  of  phos- 
phorus is  to  be  reduced  from  0.2  to  0.3  to  obtain  an  ore  suited 
for  the  acid  Bessemer  process.  In  1906  a  railway  from  the 
mines  to  the  harbor,  concentration-works  for  nearly  500,000 
tons  of  crude  ore  per  annum,  etc.,  were  completed,  but  the  ex- 
port of  the  product  had  not  commenced. 

Naeverhaugen, 

Among  the  iron-ore  deposits  of  this  class  the  Naeverhaugen 
field  was  the  first  that  attracted  attention.  As  early  as  about 
1875  it  was  an  object  of  several  investigations  both  from  a 
practical  and  a  scientific  point  of  view. 

Naeverhaugen  is  of  far  smaller  dimensions  than  Bunderland. 
However,  its  longitudinal  extent  is  considerable,  about  8  km. 
The  general  thickness  of  the  ore-beds  is  only  about  2  m. ;  ex- 
ceptionally, it  amounts  to  10  m.  or  more.  The  whole  ore-area 
has  been  estimated  at  10,000  sq.  m. 

The  ore  of  the  Naeverhaugen  field  consists  mostly  of  specular 
hematite.  As,  consequently,  a  magnetic  enrichment  would  be 
difficult  to  perform,  attempts  for  concentration  in  the  wet  way 
have  been  made,  though  without  decided  success.  The  field 
lies  unworked. 

Salangen. 

The  ores  of  this  class  occurring  north  of  the  ^ord  of  Ofoten 
belong  to  a  type  diflferent  from  the  ores  of  Dunderland  and 
Naeverhaugen ;  they  consist  chiefly  of  magnetites  and,  more- 
over, contain  manganese.  For  the  rest  they  show  a  similar 
mode  of  occurrence — viz.,  in  regular  strata  and  associated  with 
limestones.  An  instance  of  this  ore-type  is  oftered  by  the  field 
of  Salangen,  which  has  lately  become  the  object  of  exploita- 
tion. 

In  the  Salangen  field  the  mica-schist-marble  group  is  com- 
posed of  quartzite-schists  nearest  to  the  ^ord  of  Salangen, 
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overlaid  by  mica-schists  with  garnet  and  amphibqle,  and  with 
mighty  interstratified  limestone-beds.  The  ordinary  light  gran- 
ite occurs  as  laccolites  and  sheets  conformable  to  the  stratifica- 
tion ;  in  places  one  can  observe  how  it  is  strongly  impregnated 
with  magnetite,  which  has  been  derived  either  from  the  schists 
at  the  time  of  the  injection  or  by  a  secondary  infiltration;  a 
highly  altered  peridotite  also  occurs. 

In  several  places  considerable  disturbances  of  the  stratifica- 
tion occur  in  the  form  of  inversions  and  plications.  The  ore- 
bearing  formation  almost  always  accompanies  the  limestone, 
and  generally  occurs  in  the  schists  quite  near  the  limestone. 

Contrary  to  the  case  at  Dunderland,  the  ore  in  the  field  of 
Salangen  consists  mainly  of  magnetite.  Experiments  have 
proved  that  from  three-fourths  to  nine-tenths  of  the  iro^-per- 
centage  can  be  magnetically  concentrated.  Minor  beds  of  spec- 
ular hematite  in  limestone  occur.  The  iron-percentage  gener- 
ally varies  in  the  ferriferous  formation  between  15  and  50. 
The  richer  parts,  with  40  per  cent,  of  iron  or  more,  are  of  com- 
paratively small  extent,  and  the  ore  can  be  shipped  and  used 
only  after  magnetic  concentration.  The  ore  is  characterized 
by  a  percentage  of  manganese  generally  varying  between  4  and 
6  per  cent.,  but  sometimes  amounting  to  14  per  cent.  The  per- 
centage of  phosphorus  is  about  0.2,  the  ordinary  percentage  in 
these  deposits. 

In  the  ore  occur  the  common  gangue-minerals,  amphibole, 
epidote  and  garnet.  The  structure  of  the  ore  varies.  Some- 
times it  is  compact,  coarse-grained  and  without  parallel  struc- 
ture, as  in  the  deposits  of  Storhaugen,  probably  derived  by  re- 
placement of  limestone.  The  ores  which  occur  in  the  schists 
show  the  same  structure  as  these. 

The  iron-ore  field  of  Salangen  was  acquired  at  the  end  of 
1906  by  a  German  company,  which  intends  to  concentrate  the 
ore  and  make  it  into  briquettes  after  Grondahl's  method. 

Other  Deposits. 

A  great  many  ore-fields  of  this  class  occur  within  the  area 
defined  above.  They  differ,  however,  in  minor  points  from 
those  described.  At  DolstadsAsen  in  Vefsen,  the  ore,  which 
consists  mainly  of  magnetite,  occurs  associated  with  amphi- 
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bole,  garnet,  epidote,  alternating  with  schists  rich  in  amphibole 
between  thick  limestone-beds. 

At  Fuglestrand  occurs  a  ferriferous  formation  in  the  form  of 
schists  rich  in  amphibole  and  epidote.  Both  magnetite  and 
specular  hematite  occur.  There  are  reasons  for  the  assump- 
tion that  the  considerable  development  of  iron-silicates  char- 
acterizing the  iron-formation  of  Fuglestrand  depends  on  the 
abundant  intrusion  in  this  field  of  granite,  which  occurs  as 
sheets  parallel  to  the  stratification  as  well  as  in  the  form  of 
laccolites. 

In  the  islands  of  Donneso  and  Tomo  similar  deposits  have 
been  the  object  of  some  exploratory  work. 

The  Ofoten  ore-deposits  extend  both  on  the  northern  and 
the  southern  side  of  the  Qord.  They  belong  to  a  basin-shaped 
complex  of  strata,  cut  transversely  by  the  IQord.  The  tectonic 
conditions  here  are  very  clear.  At  the  bottom  of  the  mica- 
Bchist-marble  group  lies  a  thick  bed  of  limestone,  accompanied 
by  the  ferriferous  formation,  which  on  the  south  side  of  the 
Qord  is  strongly  compressed,  forming  a  basin  with  the  axis  of 
plication  dipping  towards  NE.  As  youngest  member  occurs 
the  younger  gneiss.  The  Ofoten  ores  belong  to  the  manganif- 
erous  type;  the  manganese  is,  however,  very  unequally  dis- 
tributed ;  it  may  amount  to  10  per  cent.  The  thickness  of 
the  ferriferous  formations  on  the  Ofoten  exceeds  only  excep- 
tionally 10  m. ;  in  one  place,  however,  a  thickness  of  more  than 
50  m.  is  reported. 

North  of  the  flord  of  Ofoten  the  same  ferriferous  formation 
is  known  in  numerous  places  in  the  province  of  Tromso.  Be- 
sides the  above-mentioned  Salangen  field,  ores  of  this  kind 
occur  in  the  fjord  districts  of  the  Gratangen  and  the  Lavangen, 
and  in  the  islands  of  Rollo,  Andorgo  and  Dyro,  where  one  and 
the  same  stratum  forms  flat  basins,  everywhere  with  iron-ores 
in  the  outcrop. 

Summary. 

The  deposits  of  this  group  belong  to  a  ferriferous  formation 
of  vast  horizontal  extent,  occupying  nearly  the  same  geologi- 
cal horizon  in  the  series  as  the  mica-schist-marble  member  of 
this  sedimentary  series.  The  ferriferous  formation  occurs  regu- 
larly associated  with  limestones,  in  most  cases,  however,  in  the 
schists  underlying  the  limestone.     The  connection  with  the 
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limestone  is  so  strongly  marked  that  in  certain  districts  nearly 
every  limestone-bed  is  accompanied  by  iron-ore;  some  ob- 
servers have  even  been  inclined  to  assume  a  connection  between 
the  thickness  of  the  limestone-beds  and  the  size  of  the  iron- 
ore  deposits. 

Mineralogically,  the  ores  are  characterized  as  mixtures  of 
magnetite  and  specular  hematites ;  and,  further,  by  the  occur- 
rence of  iron-magnesia-lime-silicates  of  the  amphibole,  augite, 
epidote,  and  garnet  groups.  Quartz  is  always  present  in  large 
quantity.  Chemically,  these  ores  are  characterized  by  a  high 
percentage  of  silicic  acid,  low  percentages  of  CaO,  MgO,  and 
A1,0„  a  medium  percentage  of  phosphorus,  and  small  amounts 
of  sulphur  and  titanic  acid.  Whether  these  ores  are  primary 
sedimentary  deposits  or  secondary  concentrations  of  leaner 
iron-bearing  formations  is  still  an  open  question  of  the  greatest 
practical  importance. 

These  ores  have,  e.  9.,  in  Dunderland,  an  extent  of  several 
kilometers  in  length  and,  at  the  same  time,  a  considerable 
thickness.  If,  taking  the  syngenetic  point  of  view,  we  re- 
garded these  ores  as  ordinary  stratified  formations,  altered  only 
by  regional  metamorphism,  we  would  have  to  assume  an  extent 
of  several  kilometers  in  the  direction  of  the  dip.  Such  a  con- 
clusion might  be  highly  misleading  with  regard  to  the  ore-sup- 
ply. As  to  the  depth  which  the  ores  of  this  kind  reach,  there 
is  as  yet  no  practical  experience,  as  neither  exploratory  work 
nor  even  any  borings  below  the  present  or  former  ground-water- 
level  have  been  performed. 

A  comparison  with  the  Archaean  ores  of  Group  I.  shows,  it 
is  true,  some  points  of  agreement.  On  the  whole,  the  primary 
characters  of  chemical  sediments  are  much  more  evident  in 
this  class  of  ores  than  in  the  Archaean  ores.  Above  all,  the 
transformations  in  the  anamorphic  zone  are  less  marked ;  this 
is  shown  by  the  gangues  being  less  developed  and  the  altera- 
tion into  magnetite  less  advanced.  No  analogies  to  the  large 
magnetite-stocks  among  the  Archsean  ores  are  found  here. 
Although  the  nearness  to  the  magnesian  limestone  has  offered 
plenty  of  material  for  the  formation  of  lime-magnesian  silicates 
of  the  pyroxene,  amphibole  and  garnet  groups,  these  silicates 
never  are  formed  in  such  abundance  as  to  compare  with  the 
sham  gangue  of  the  Archaean  ores.     The  interchange  of  con- 
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stitaents  between  the  schist,  the  iron-ore  and  the  limestone, 
lying  close  to  one  another,  has  been  rather  limited.  Probably 
also  the  submersion  in  the  anamorphic  zone  did  not  go  so  deep  as 
to  reach  a  temperature  high  enough  for  the  formation  of  anhy- 
drous silicates  on  a  large  scale.  The  depth  and  the  tempera- 
ture under  which  the  crystallization  of  these  ores  occurred 
seem  to  have  been  better  adapted  to  produce  the  slightly  hy- 
drated  silicates  of  the  epidote  group. 

The  transformations  in  the  catamorphic  zone  also  are  less 
marked;  one  finds  no  concentrations  of  so  great  richness,  no 
"  skol  ''-formations,  and  no  accumulations  of  ores  in  pitching 
troughs  or  on  impervious  basements.  The  ores  are  of  more 
equal  leanness,  and  in  general  the  concentration  does  not 
exceed  40  per  cent,  of  iron. 

On  the  whole,  one  may  consider  these  deposits  as  the  roots  or 
the  deepest,  comparatively  unconcentrated  parts  of  regional 
metamorphosed  chemical  depositions,  laid  open  by  the  deeply 
penetrating  ^ords  and  valleys  of  the  Norwegian  coast;  the 
upper,  probably  more  concentrated  and  richer  parts  of  the 
same  deposits,  having  been  destroyed  by  erosion. 

Analogous  Deposits. 

The  ores  of  this  class  are  in  many  respects  comparable  to 
those  of  the  lower  Silurian  formation  in  the  eastern  United 
States,  especially  to  those  occurring  in  a  belt  from  Vermont  to 
Alabama.  These  ores  occur  only  where  the  lower  Silurian 
limestone  and  the  Hudson  shales  meet,  as  the  Norwegian  ores 
always  occur  at  or  near  limestones,  sometimes  dolomitized. 
This  is,  indeed,  one  of  their  most  important  geological  char- 
acters. The  Norwegian  rock-strata  are,  of  course,  more  meta- 
morphosed, the  rocks  consisting  of  crystalline  schists  and  mar- 
ble or  magnesiarlimestone,  and  the  ores  being  specular  hema- 
tite or  magnetite,  instead  of  red  and  brown  hematite.  The 
Clinton  ores  likewise  show,  with  regard  to  geological  condi- 
tions, great  agreement  with  the  Norwegian  Paleozoic  ores. 

Group  V. — Contact-Deposits  in  the  Christiania  Region. 

These  ores  were  considered  by  Keilhau,  Daubr6e  and  Kjerulf 
as  genetically  connected  with  the  intrusion  of  granite  in  the 
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same  region;  and  this  opinion  was  afterwards  confirmed  by 
Vogt,  who  executed  a  minute  survey  of  the  deposits.*' 

CHassi/ication  of  the  Bocks. 

According  to  Brogger,  the  igneous  rocks  of  the  Christiania 
region  may  be  divided  into  seven  groups  of  different  age ;  the 
oldest  three  are  more  basic,  and  consist  of  (1)  gabbro-diabases ; 
(2)  basic  augite-,  mica-  and  nepheline-syenites  (laurvikite  and 
laurdalite);  and  (S)  quartz-bearing  augite-syenite  (akerite). 
Of  later  age  is  the  following  syenitic  and  granitic  series,  com- 
prising (4)  red  quartz-syenites  (nordmarkite) ;  (5)  soda-granites 
(grorudite) ;  and  (6)  granitite.  As  the  youngest  members  occur 
dike-forming  diabase  and  diabase-porphyrite.  The  eruptives 
are  probably  of  Devonian,  surely  of  post-Silurian,  age.  They 
occupy  an  area  about  250  km.  long,  and  in  some  places  more 
than  100  km.  wide. 

The  intrusives  are  bordered  partly  by  Archrean  rocks,  partly 
by  the  Silurian  strata,  and  by  porphyry-outflows.  The  con- 
tact-deposits are  found  in  all  these  different  pre-granitic  rocks. 

Most  of  the  deposits  are  connected  with  the  red  quartz- 
syenite  (nordmarkite),  some  of  them  with  the  soda-granite 
(grorudite)  and  the  granitite. 

The  Ores. 
The  iron-ores  are,  as  a  rule,  mixed  with  true  contact-min- 
erals, such  as  different  species  of  the  garnet  and  vesuvian 
groups,  scapolite,  woUastonite  and  others.  This  is  especially 
the  case  with  the  deposits  occurring  in  the  limestone  and  marly 
slates.  In  the  clay-slate,  chiastolite  is  found  as  contact-mineral. 
The  percentage  of  iron  is  through  the  gangue  reduced  to  from 
80  to  85,  and  only  exceptionally  exceeds  40.  The  ores  are 
generally  strongly  pyritic,  but  low  in  phosphorus  and  titanium. 
Frequently  they  occur  in  the  immediate  vicinity  of  the  intru- 
sive rock,  but  they  may  also  be  found  up  to  one  km.  from  the 
contact.  In  a  few  cases  the  distance  from  the  visible  contact 
is  more  than  one  km.,  but  the  ores  never  are  found  outside  of 
the  metamorphic  zone  of  the  contact  The  majority  of  the 
deposits  occur  in  the  Silurian  strata,  partly  at  the  borders  of 
the  Silurian  rocks,  partly  in  big  metamorphosed  Silurian  rock- 
fragments,  completely  surrounded  by  the  igneous  rock.     The 

"  Zeiiachr,/.  prakt,  Oed.,  vol.  ii.^  pp.  177,  464,  (1894),  vol.  Hi.,  p.  154  (1895). 
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different  Silurian  horizons  are  equally  impregnated  with  ores ; 
and  the  clay-slates  as  frequently  contain  ore-deposits  as  do  the 
limestones  and  marly  slates.  Also,  the  Archaean  gneisses,  and 
sometimes  the  porphyries,  are  ore-hearing. 

The  ore-deposits  show  generally  a  stratiform  extension,  and 
may  be  followed  with  varying  thickness  along  the  same  bed 
for  several  hundred  meters. 

These  deposits,  though  numerous,  are  quantitatively  too  in- 
significant to  play  any  commercial  role.  In  earlier  times  sev- 
eral hundred  small  ore-bodies  were  worked.  The  ore  is  mainly 
magnetite,  but  also  specular  hematite.  Also,  sulphides  of  iron 
and  copper  occur  in  so  great  amount  that  the  ore  may  obtain 
the  character  of  a  copper-ore.  Exceptionally,  also,  galena  and 
blende  have  been  found  in  such  quantities  as  to  be  mined  as 
ores.  But  all  the  deposits  are  small.  From  the  seventeenth 
up  to  the  latter  part  of  the  nineteenth  century,  they  furnished 
a  group  of  small  blast-furnaces  with  iron-ores ;  and  an  insignifi- 
cant copper-  and  lead-production  was  in  early  times  based  on 

these  ores. 

Analogous  Deposits. 

The  ore-deposits  of  the  Christiania  territory  are  genetically 
most  similar  to  the  Pitkaranda  deposit  in  Finland,  and  the 
known  deposits  of  Schmiedeberg  in  Silesia  and  Berggiesshiibel 
in  Saxony. 

There  are  a  great  number  of  deposits  of  this  kind  in  the 
western  United  States,  chiefly  in  Colorado  and  California, 
where  they  occur  associated  with  the  younger  eruptives  of  the 
Rocky  Mountains  and  the  Sierra  Nevada. 

Group  VL — ^Lake-  and  Bog-Orbs. 
These  ores  formed  the  raw-material  for  the  oldest  iron-in- 
dustry in  Scandinavia,  long  before  the  blast-furnace  process 
was  known.  For  this  reason,  Carl  Linnjeus  called  them  Tophus 
Thibalcainij  after  Tubal  Cain,  the  first  blacksmith  (Gen.  iv, 
22).  The  lake-ores  occur  in  most  provinces  of  Sweden  and  in 
the  southern  part  of  Norway.  But  their  abundant  occurrence 
is  confined  to  regions  where  the  ground  consists  of  moraine 
and  glacial  gravel  and  sand,  especially  the  high  plateau  of 
Sm&land,  the  northern  parts  of  Vermland,  Vestmanland  and 
Dalarne,  and  the  greater  portion  of  Norrland.  They  occur 
only  sparingly  in  the  regions  covered  by  glacial  and  post-gla- 
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cial  marine-deposits,  sach  as  the  lower  coast-belt  of  soathern 
Sweden,  and  the  plains  surrounding  the  great  lakes  of  Vanem, 
Vettern,  Hjelmaren  and  Malaren.  In  short,  the  lake-  and  bog- 
ores  are  most  frequent  above  the  marine  level  of  the  glacial 
period.  A  certain  connection  with  the  distribution  of  the 
peat-mosses  is  indicated.  On  the  other  hand,  the  bog-ores  are 
by  no  means  more  frequent  in  the  districts  rich  in  other  iron- 
ore  deposits.  In  some  places,  a  connection  with  the  greater 
pyrite-deposits  may  be  suggested. 

The  bog-ores  are  recent  formations,  produced  before  our 
eyes.  In  lakes,  where  the  ore  has  once  been  exploited,  it 
grows  and  may  be  utilized  again.  In  some  lakes  of  Sm&land 
mining  operations  have  been  resumed  at  places  exhausted  25 
years  before. 

In  the  ore-bearing  lakes,  the  iron  is  precipitated  from  dilute 
solutions  chiefly  along  certain  zones,  parallel  to  the  shores,  at 
a  depth  of  from  2  to  4  m.,  and  the  ores  are  thus  distributed  in 
belts  on  the  bottom  of  the  lake,  to  a  thickness  of  at  most  0.5 
m.  Lakes  connected  by  a  water-course  frequently  all  contain 
bog-ores.  In  the  upper  lakes  the  ore  is  more  fine-grained 
("  gunpowder-ore,"  "  pearl-ore  "),  while  in  the  lower  lakes  the 
ore  has  grown  to  coarser  concretions  ("  money-ore,"  "  cake- 
ore"). 

The  purer  lake-ores  generally  contain  from  50  to  60  per  cent 
of  FCjOj  and  from  10  to  15  per  cent,  of  water.  Silicic  acid  is 
frequently  mechanically  intermixed,  reducing  the  iron-percent- 
age. Sometimes  the  ores  contain  a  considerable  amount  of 
manganese  (up  to  20  per  cent.).  The  percentage  of  phos- 
phorus as  well  as  of  sulphur  is  generally  high. 

Bog-ores  are  often  formed  in  lakes  as  lake-ores,  and  later,  by 
a  natural  draining,  brought  above  the  water-level.  But  fre- 
quently bog-ores  occur  in  a  manner  indicating  their  formation 
in  the  ground  close  to  the  surface ;  in  such  cases  they  are  often 
formed  in  connection  with  peat-mosses. 

The  utilization  of  the  lake-ores  has  in  later  years  much  de- 
creased, and  is  to-day  without  importance.  From  1860  to 
1875  the  annual  production  in  Sweden  was  about  10,000  tons. 
From  1900  to  1905,  it  was  only  about  1,000  tons,  varying  from 
800  up  to  1,500  tons,  according  to  the  severity  of  the  winters. 
The  whole  product  comes  from  Sm&land  and  is  used  for  the 
fabrication  of  cast-iron. 
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Quantitative  Field-Test  for  Magnesia  in  Cement-Rock  and 

Limestone. 

BT  0HABLE8  OATLETT,  STAUNTON,  VA. 
(Toronto  Meeting,  July,  1)07.) 

The  rapid  development  of  the  Portland-cement  industry  im- 
plies that  the  country  is  being  very  carefully  searched  for 
material  suitable  for  its  manufacture.  Such  material  can  be 
found  at  a  great  many  places ;  but  deposits  thoroughly  satis- 
factory in  chemical  composition,  and  at  the  same  time  meeting 
all  the  other  requirements  connected  with  the  economic  pro- 
duction and  profitable  marketing  of  the  product,  are  exceed- 
ingly few,  if  I  may  judge  from  the  investigations  which  I  have 
had  to  make  in  a  number  of  States. 

The  raw  mixture  which  by  its  clinkering  and  grinding 
forms  Portland  cement  contains  approximately  75  per  cent,  of 
carbonate  of  lime.  This  is  found  in  nature  as  limestone  or 
marl.  The  natural  rock  commonly  carries  either  more  than 
the  required  percentage  of  carbonate  of  lime  (in  which  case  it 
has  to  be  reduced  by  suitable  admixture  of  clayey  ingredients) 
or  less — ^in  which  case  purer  lime  carbonate  has  to  be  added. 
The  controlling  ingredient,  therefore,  is  carbonate  of  lime,  or 
limestone  of  the  right  composition. 

Among  the  most  serious  difficulties  is  that  of  finding  lime- 
stones low  enough  in  magnesia  to  meet  the  exacting  require- 
ments of  certain  specifications.  All  engineers  recognize  that 
there  is  a  limit  beyond  which  it  is  not  safe  to  let  the  magnesia 
go ;  but  within  that  limit  there  is  considerable  difference  of 
opinion.  Until  that  difference  is  finally  settled,  no  one  would 
be  willing  to  invest  the  large  sum  of  money  necessary  for  a 
Portland-cement  plant,  if  it  were  not  certain  that  the  usual  re- 
quirements in  this  particular  could  be  satisfied. 

The  usual  limit  in  well-established  specifications  is  &  per 
cent,  of  magnesium  oxide  in  the  finished  cement,  but  many 
specifications  limit  the  amount  to  3  per  cent.     These  figures 
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correspond  roughly  to  8.2  per  cent,  and  1.9  per  cent.,  respect- 
ively, of  magnesium  oxide  in  the  raw  mixture. 

It  is  comparatively  easy  with  a  little  practice  to  detect  mag- 
nesia to  the  extent  of  10  or  15  per  cent.  The  appearance  of 
the  stone,  the  way  it  effervesces  with  dilute  hydrochloric  acid, 
its  hardness,  etc.,  settle  this  question  and  enable  us  to  elimi- 
nate a  great  many  otherwise  promising  deposits.  It  is  not 
possible  to  form  by  superficial  examination  any  estimate  of 
the  amount  of  magnesia  when  it  is  as  low  as  5  or  6  per  cent. ; 
yet  it  would  be  hard  to  overestimate  the  advantage  of  being 
able  to  determine  in  a  few  minutes,  and  at  a  point  remote  from  a 
laboratory,  whether  a  material  will  probably  produce  a  cement 
well  within  the  limits  in  this  respect,  and  whether  one  is  justi- 
fied in  securing  options  and  taking  detailed  samples  for  further 
investigation.  The  value  of  such  a  determination  would  not 
be  destroyed  by  the  fact  that  it  was  not  exact,  since  the  pur- 
pose of  a  preliminary  investigation  would  be  fully  met  if  a 
difference  of  1  per  cent,  in  magnesia  could  thus  be  clearly 
and  easily  detected.  It  would  then  be  possible  to  eliminate 
those  rocks  which  contained  decidedly  too  much  magnesia,  and 
to  retain,  for  further  and  more  exact  laboratory  investigation, 
those  which  were  very  low  in  magnesia,  or  might  possibly  be 
low  enough  to  meet  the  requirements  of  the  case. 

As  the  result  of  considerable  investigation,  undertaken  with 
a  knowledge  of  the  conditions  involved,  my  assistant,  Mr.  J.  J. 
Porter  (a  member  of  the  Institute,  and  recently  elected  asso- 
ciate professor  of  metallurgy  at  the  University  of  Cincinnati), 
worked  out  the  following  method,  which  I  have  personally 
found  valuable  in  this  connection.  The  method  is  based  on 
the  fact  that  while  calcium  hydrate  is  very  soluble  in  a  solution 
of  cane-sugar,  magnesium  hydrate  is  only  slightly  so.  This 
gives  us  a  means  of  precipitating  magnesia  in  the  presence  of 
lime. 

Reagents. — 1:1  hydrochloric  acid:  1  volume  hydrochloric  acid 
of  1.20  specific  gravity  plus  1  volume  of  water.  A  30  per 
cent,  solution  of  potassium  hydrate:  30  g.  of  potassium  hydrate 
(pure  by  alcohol)  to  100  cc.  of  water.  This  must  be  free  from 
carbonate.  Sugar-solution:  A  cold  saturated  solution  of 
granulated  sugar.  Calcium  carbonate:  C.P.  precipitated. 
Standard  limestones  as  needed,  powdered  to  40-mesh  size. 
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Apparatus. — A  small  steel  mortar  for  powdering  samples; 
small  sieve,  40-mesh  size;  measuring-spoon,  holding  between 
0.4  and  0.5  g.  of  40-mesh  limestone  powder,  level  full;  12 
test-tubes  with  mark  at  10  cc;  stand  to  hold  12  test-tubes  in 
two  rows  of  6  each;  a  pipette,  1.75  cc,  for  HCl;  a  pipette, 
1. 5  cc,  for  sugar-solution ;  a  pipette,  1  cc,  for  potassium  hydrate ; 
6  small  funnels;  filter-papers  to  fit,  uniform  size;  testtube 
holder ;  alcohol-lamp ;  water-bottle ;   test-tube  brush. 

Method, — Crush  sample,  powder  in  mortar,  and  sift.  Pour 
the  powder  into  measuring-spoon  and  level  off*  by  knife-blade  or 
card.     Transfer  the  measured  portion  to  test-tube. 

Add  from  pipette  1.75  cc  of  HCl,  and,  when  effervescence 
has  nearly  ceased,  boil  for  a  moment.  Then  add  enough  pure 
calcium  carbonate  to  neutralize  the  excess  of  HCl.  Boil  until 
steam  issues  freely  from  the  mouth  of  the  testtube,  in  order  to 
drive  out  all  carbon  dioxide.  Add  water  to  the  10-cc  mark, 
and  mix  thoroughly  by  shaking  the  test-tube. 

In  another  test-tube,  place,  by  means  of  the  proper  pipettes, 
1.5  cc.  of  sugar-solution  and  1  cc  of  potassium-hydrate-solu- 
tion, and  dilute  with  water  to  the  10-cc  mark.  Mix  by  shaking. 
Then  filter  the  solution  of  the  stone,  allowing  the  filtrate  to  run 
into  this  alkaline  sugar-solution.  K  magnesia  is  present,  a  pre- 
cipitate of  magnesium  hydrate  will  form  at  the  line  of  contact 
of  the  two  solutions.  After  the  filter  has  drained,  these  solu- 
tions should  be  mixed  by  inverting  the  testtube. 

The  density  of  this  precipitate  is  roughly  indicative  of  the 
percentage  of  magnesia  in  the  stone,  and  by  comparison  with 
standard  stones  run  in  parallel  this  percentage  can  be  esti- 
mated pretty  accurately,  the  probable  error  not  being  greater 
than  20  per  cent,  of  the  amount  of  magnesia  present.  As 
in  all  comparison  methods,  some  practice  is  necessary  to  insure 
satisfactory  determinations.  Since  the  magnesium  hydrate  is 
not  entirely  insoluble,  and  some  magnesia  is  apt  to  remain  in 
the  insoluble  portion  of  the  sample,  the  results  are  low.  This 
probable  error  is  desirable,  since  it  is  better  to  send  samples  to 
the  laboratory  for  further  examination  than  to  discard  some- 
thing which  might  be  satisfactory. 

Notes  and  Precautions, — The  fineness  of  the  material  affects 
the  weight  held  by  the  measuring-spoon  and  also  the  ease  of 
solution — hence  the  need  of  sifting. 
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There  should  be  sufficient  HOI  to  dissolve  thoroughly  all  the 
carbonates  of  the  rock ;  and  this  condition  is  assured  if  the  re- 
sulting solution  is  yellow  from  ferric  chloride.  At  the  same 
time,  it  is  desirable  to  have  the  smallest  possible  excess  of  HGl, 
because  the  presence  of  the  alkaline  chlorides  decreases  very 
materially  the  delicacy  of  the  test. 

The  object  of  adding  calcium  carbonate  is  two-fold.  It  pre- 
cipitates the  iron ;  and  it  creates  a  condition  of  uniformity  as 
to  the  neutrality  of  the  solution  which  is  very  essential  for 
comparative  results. 

It  is  desirable  that  all  the  filter-papers  used  in  a  series  of  tests 
be  of  uniform  size  and  quality  of  paper,  so  that  they  may  retsdn 
a  uniform  amount  of  the  rock-solution. 

The  method  of  adding  the  reagents  is  important,  and  should 
be  closely  followed. 

After  trying  various  methods,  the  one  given  above  has  been 
found  to  give  the  most  satisfactory  results,  both  as  to  delicacy 
and  reliability.  It  is,  of  course,  essential  that  the  potassium  hy- 
drate contain  no  carbonate,  and  it  should  therefore  be  occa- 
sionally tested  with  barium  hydrate  or -with  a  solution  of  lime 
in  sugar. 

The  magnesium  hydrate  precipitate  frequently  comes  down 
with  a  greenish  color.  The  cause  of  this  is  uncertain ;  but  it 
is  most  prominent  in  those  samples  containing  organic  matter. 
Possibly  it  is  due  to  a  trace  of  ferrous  iron  produced.  This 
color  causes  the  precipitate  to  appear  somewhat  more  dense 
and  opaque,  and,  therefore,  should  be  allowed  for  in  making 
comparisons.  With  a  little  practice  this  is  not  difficult,  par- 
ticularly if  the  comparison  is  made  by  transmitted  light. 

The  scheme  outlined  above  does  very  well  for  rocks  carrying 
up  to  4  per  cent,  of  magnesium  oxide.  Above  this,  the  pre- 
cipitate gets  too  dense  for  comparison  without  further  dilution. 

It  is  desirable  that  the  pipettes  should  be  made  from  glass 
tubes  of  different  sizes,  and  that  short  pieces  of  rubber  tubing 
should  be  attached  as  mouth-pieces. 

All  of  the  apparatus  can  be  conveniently  packed  in  a  box  of 
the  inside  dimensions  of  10.5  by  7  by  6.75  in. 

A  double  top,  in  the  form  of  a  shallow  box,  of  a  size  to  fit 
snugly  in  the  larger  one,  may  be  used  as  a  convenient  recepta- 
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cle  for  the  test-tubes,  serving  by  means  of  auger-holes  as  a  test- 
tube  stand. 

Small  splinters  from  the  larger  pieces  making  up  the  per- 
manent sample  may  be  taken  for  this  examination,  and  can  be 
crushed  without  danger  of  loss  by  direct  pressure  and  a  grind- 
ing motion  rather  than  by  blows. 

Such  small  pieces,  if  treated  with  dilute  acid  in  a  test-tube, 
will  usually  disintegrate  entirely  if  the  carbonate  of  lime  is 
considerably  in  excess  of  the  theoretical  requirement,  thus  in- 
dicating the  need  of  the  admixture  of  clay  or  shale  for  the 
manufacture  of  cement. 

If  the  action  of  the  acid  ceases  before  all  of  the  carbonate 
is  dissolved,  and  recommences  when  the  splinter  is  rubbed  so 
as  to  remove  the  clayey  covering,  the  stone  is  apt  to  need  the 
addition  of  purer  limestone  to  produce  a  satisfactory  mixture. 

If  the  splinter  retains  its  shape  when  treated  with  dilute 
acid,  but  all  of  the  lime  carbonate  is  dissolved,  the  stone 
probably  approaches  closely  a  natural  Portland-cement  mixture. 
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Geology  of  the  Virginia  Barite-Deposits. 

BT  THOMAS  LEONARD  WATSON,  BLAOKSBURG,   VA. 
(Toronto  Meeting,  July,  1907.) 

I.  Historical. 

Baritb  has  been  mined  for  many  years  in  various  parts  of 
Virginia,  probably  the  earliest  mining-operations  being  in  Prince 
William  county,  within  600  ft.  of  the  Fauquier  county  line, 
about  4  miles  south  of  east  from  Catlett,  a  station  on  the 
Southern  Railway.  It  is  claimed  that  the  mineral  was  mined 
here  as  early  as  1845. 

Mining-operations  in  Campbell  and  Pittsylvania  counties  in 
the  Piedmont  region,  and  near  Marion  in  Smyth  county,  in  the 
southwest  Virginia  Valley  region,  were  begun  about  80  years 
ago.  The  mining  and  milling  of  barite  on  a  commercial  scale 
in  Tazewell  and  Russell  counties  are  more  recent,  and  com- 
menced about  15  years  ago. 

II.  Geographical  and  Geological  Distribution. 

Barite  occurs  in  many  counties  in  the  State,  as  shown  in  Fig. 
1,  but  the  industry  has  been  confined  to  only  a  few  of  them. 
Its  occurrence  is  noted  in  two  of  the  three  major  divisions  of 
the  State — namely,  the  Piedmont  region  east  of  the  Blue  Ridge, 
and  the  Paleozoic  area  west  of  the  Blue  Ridge.  In  the  Pied- 
mont region  the  mineral  has  been  mined  in  the  following 
counties:  Bedford,  Campbell,  Louisa,  Prince  William,  and 
Pittsylvania.  In  the  region  west  of  the  Blue  Ridge,  composed 
of  Paleozoic  sediments,  barite  has  been  mined  in  Montgomery, 
Russell,  Smyth,  and  Tazewell  counties.  Of  the  counties  men- 
tioned, Bedford,  Campbell,  and  Pittsylvania  of  the  Piedmont 
region,  and  Russell,  Smyth,  and  Tazewell  of  the  Valley  region, 
have  been  the  principal  producers.  In  1906,  operations  were 
confined  to  five  counties — ^Bedford,  Louisa,  Pittsylvania,  Rus- 
sell, and  Tazewell — but  in  the  first  two  counties  named  there 
was  no  production,  the  work  being  solely  development 
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Geologically,  the  barite-deposits  of  Virginia  may  be  grouped 
into  three  unlike  areas :  (1)  those  deposits  of  the  red  shale- 
sandstone  series  of  Triassic  age ;  (2)  those  of  the  crystalline 
metamorphic  area,  the  age-relations  of  the  rocks  being  un- 
known, but  probably  pre-Cambrian  for  the  most  part;  and 
(8)  those  of  the  Valley  region,  associated  for  the  most  part 
with  the  Cambro-Ordovician  limestone  (Shenandoah  or  Valley) 
or  its  residual  decay.  Areas  (1)  and  (2)  compose  the  Pied- 
mont province,  which  stretches  eastward  from  the  Blue  Ridge 
to  the  fall-line  or  the  western  margin  of  the  Coastal  Plain  sedi- 
ments. 

III.  Gbnbral  Modb  of  Oocurrbngb. 

The  Virginia  barite-deposits  of  commercial  importance  thus 
far  developed,  which  have  been  worked  for  barite  alone,  are 
associated  with  limestone  as  pockets  or  lenticular  masses, 
largely  in  the  nature  of  replacements,  and  as  vein-like  masses 
filling  fractures  in  the  limestone.  In  southwest  Virginia  and 
elsewhere  in  the  Valley  region  where  the  barite  occurs  in  the 
limestone,  it  is  often  found  as  superficially  loose  lumps  and 
nodules  of  irregular  shapes  and  sizes  imbedded  in  the  residual 
clays  derived  from  the  limestone.  In  several  instances  the 
barite  is  not  associated  with  limestone,  but  occurs  directly  in 
siliceous  crystalline  rocks  removed,  so  far  as  we  know,  some 
distance  from  limestone.  The  barite-deposit  near  Thaxton,  in 
Bedford  county,  best  illustrates  the  occurrence  of  barite  in 
siliceous  crystalline  rocks  remote  from  limestone-masses. 

In  Campbell  and  Pittsylvania  counties  of  the  crystalline  area 
the  barite  is  intimately  associated  with  coarsely  crystalline 
limestone  (marble)  and  its  residual  decay.  The  local  differ- 
ences in  the  mode  of  occurrence  of  barite  in  Virginia  are  best 
brought  out  in  the  description  given  below  of  the  three  geo- 
logically-unlike  areas  in  which  deposits  are  found. 

IV.  Thb  Triassic  Arba. 
As  yet  only  one  deposit  of  barite  of  commercial  importance 
has  been  developed  in  the  numerous  areas  of  Triassic  rocks 
occurring  in  Virginia  east  of  the  Blue  Ridge.  About  4  miles 
south  of  east  from  Catlett  station,  in  Prince  William  county, 
and  within  600  ft.  of  the  Fauquier  county  line,  barite  has  been 
mined  at  different  times  since  1845.     It  was  last  worked  in 
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1908,  with  a  production  of  1,500  tons  of  ore.  The  opening  of 
this  deposit  probably  marks  the  first  mining  of  barite  in  Vir- 
ginia. 

The  ore  was  mined  by  shafts  and  open  cuts,  the  greatest 
depth  reached  in  mining  being  108  ft.  The  grinding  and 
preparation  of  the  ore  for  market  were  conducted  in  a  mill 
built  for  that  purpose  on  the  property.  This  mill  was  after- 
wards burned,  and  in  its  place  now  stands  a  partly-completed 
crushing-house,  located  near  the  main  shaft. 

The  area  forms  a  part  of  the  eastern  Piedmont  region,  charac- 
terized topographically  by  a  gently  undulating  surface,  without 
marked  relief.  The  geological  position  of  this  deposit  is  within 
the  eastern  margin  of  the  red  shale-sandstone  series  of  the 
Triassic  area  which  crosses  the  Potomac  river  west  of  Wash- 
ington and  terminates  about  10  miles  south  of  Culpeper,  the 
Virginia  portion  of  the  New  York- Virginia  area  as  defined  by 
Eussell.^ 

The  rocks  of  the  immediate  barite  locality  consist  of  ferrugi- 
nous red  sandy  shales  and  a  light-colored  crystalline  limestone. 
Measured  at  numerous  points  west  of  the  mine  the  dip  varies 
from  10°  to  15°  west  of  northwest.  Between  Catlett  station 
and  the  mine  the  shales  are  penetrated  by  occasional  masses  of 
diabase. 

Much  of  the  material  composing  the  dumps  at  the  mine  is  a 
limestone  breccia,  in  which  red  shale  fragments  are  cemented 
by  an  impure  crystalline  limestone.  Fractures  are  frequent, 
and  are  filled  with  barite  and  occasionally  with  calcite-crystals. 
These  facts  suggest  that  the  barite-deposit  occupies  a  crushed 
or  fractured  zone  in  the  Triassic  sediments,  induced  probably 
by  faulting,  although  no  evidence  for  such  is  apparent  on  the 
surface.  In  view  of  these  facts,  and  since  faulting  is  a  charac- 
teristic structure  of  the  Triassic  areas  in  Virginia  and  of  the 
similar  eastern  areas  in  general,  it  seems  reasonable  to  ascribe 
the  brecciation  in  the  Prince  William  county  locality  to  this 
cause. 

The  barite  is  associated  with  both  the  red  shales  and  the 
impure  limestone,  usually  as  a  deposition-product  from  the  solu- 
tion which  filled  fractures  in  the  red  shale.     The  widest  of  the 

>  Russell,  I.  C,  Correlation  Papers— The  Newark  System,  BvUetin  No.  86, 
UniUd  States  Geological  Survey,  p.  20  et  aeq.  (1892). 
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barite-filled  fractures,  reported  to  be  from  4  to  8ft.,  form  the 
chief  source  of  the  miuable  mineral.  The  barite.  occurs  also 
as  thill  tabular  cleavable  masses  in  the  limestone.  It  is  of 
good  white  grade,  both  finely  and  coarsely  crystalline,  massive, 
and,  judging  from  the  ore  on  the  dumps,  quite  free  from  most 
of  the  common  impurities,  especially  manganese.  I  did  not 
have  access  to  the  shafts,  but  it  is  reliably  reported  that  the 
association  of  ore  with  limestone  increases  with  depth. 

V.  The  Crystalline  (Piedmont  Plateau)  Area. 

The  Virginia-Piedmont  province  forms  a  part  of  the  eastern 
crystalline  region  which  extends  southwestward  from  New 
York  to  northern  central  Alabama.  Its  limits  in  Virginia  are 
from  the  Blue  Ridge  on  the  west  to  the  fall-line,  western  mar- 
gin of  the  Coastal  Plain,  on  the  east ;  and  it  widens  southward. 
Excepting  the  Triassic  areas  the  rocks  are  all  crystalline,  and 
comprise  greatly  altered  sedimentary  and  igneous  masses.  The 
region  is  made  up  of  a  complex  of  schists,  gneisses  and  granites, 
with,  in  places,  interfoliations  of  slates,  quartzites  and  lime- 
stones. This  complex  is  further  intersected  by  intrusions  of 
basic  eruptive  rocks  belonging,  so  far  as  they  have  been 
studied,  to  the  diabasic,  dioritic  and  gabbroic  types.  The  bulk 
of  the  rocks  composing  this  region,  the  oldest  in  the  State, 
were  mapped  by  the  older  geologists  as  Archean,  but  more  re- 
cent studies  reveal  the  fact  that  a  part  of  them  are  as  late  as 
Ordovician. 

The  occurrence  of  barite  has  been  noted  in  nine  counties  in 
the  crystalline  area,  but  the  principal  production  has  been  from 
Campbell  and  Pittsylvania  counties,  with  Bedford  next  in  point 
of  production.  The  ore  has  been  mined  in  these  counties  for 
30  or  more  years. 

1.   The  Campbell-Pittsylvania  Counties  Area, 

Beginning  in  the  middle  western  portion  of  Campbell  county, 
several  miles  east  of  Evington  and  about  15  miles  south  of 
Lynchburg,  a  belt  of  barite-deposits  is  traced  southwestward  to 
3  or  more  miles  south  of  Sandy  Level  in  the  northwestern  part 
of  Pittsylvania  county,  a  distance  of  about  50  miles.  Numer- 
ous openings  have  been  made  at  different  points  on  the  belt, 
many  of  which  have  been  extensively  worked  and  have  pro- 
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duced  large  quantities  of  excellent  ore.  Fig.  2  is  a  eketch-map 
of  the  belt,  showing  the  location  of  the  various  openings  made. 

This  area,  occupying  a  part  of  the  middle  western  Piedmont 
region,  presents  no  unusual  features  in  topography  from  that  of 
the  Piedmont  in  general. 

The  most  extensively-worked  deposits  on  the  belt  are  grouped 
about  two  centers,  Evington  in  Campbell  county,  at  the  NE.^ 
and  Toshes  and  Sandy  Level  in  Pittsylvania  county,  at  the  SW. 
extremity  of  the  belt.  Operations  were  begun  in  the  two 
counties  within  a  short  time  of  each  other,  with  probably  the 
Hewitt  mine  in  the  vicinity  of  Evington,  which  dates  back  to 
1874,  the  first  to  open.  The  mines  in  the  vicinity  of  Toshes  and 
Sandy  Level  in  Pittsylvania  county  were  opened  at  least  25 
years  ago,  and  in  both  counties  the  mines  have  been  operated 
almost  continuously  from  the  beginning. 

(a)  Mode  of  Occurrence. — Two  characteristic  occurrences  of 
barite  are  observed  in  the  Campbell-Pittsylvania  area,  always 
in  association  with  each  other,  and  equally  as  strongly  empha- 
sized in  one  part  of  the  area  as  in  the  other.  The  first  and 
principal  occurrence  is  in  intimate  association  with  the  crystal- 
line limestone* as  irregular  lenticular  bodies  or  pockets,  which 
measure  from  10.0  to  200  ft.  or  more,  replacing  the  limestone. 
At  the  Hewitt  mine  in  Campbell  county  some  of  the  barite- 
pockets  were  reported  entirely  inclosed  by  the  limestone.  The 
barite  observes  the  same  coarsely-crystalline  massive  structure 
as  characterizes  the  limestone,  and  in  several  places  gradation 
of  the  barite  into  the  limestone  was  observed. 

For  the  depths  so  far  attained,  there  is  immediately  below 
and  above  the  limestone,  a  variable  thickness  of  a  nearly  black 
clayey  mass,  usually  preserving  the  foliation  of  the  original  rock 
from  which  it  was  derived,  and  colored  black  from  manganese 
oxide,  derived  from  the  decay  of  a  limestone-schist.  Through 
this  black  clayey  mass  are  usually  distributed,  in  irregular 
fashion,  lumps  and  nodules  of  barite  of  large  and  small  size. 
Occasionally,  barite  stringers  of  slight  thickness  are  formed 
along  the  foliation  planes  of  the  clay.  Figs.  3  and  4  illus- 
trate the  two  occurrences  of  barite  here  described. 

(6)  Associated  Minerals. — Calcite  in  the  form  of  the  coarsely- 
crystalline  marble  with  which  the  barite  occurs  is  much  the 
most  abundant  associate.      Pyrite  and  chalcopyrite  are  fre- 
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quentlj  present  as  thin  stringers,  and  as  disseminated  small 
grains  and  crystals  in  some  of  the  barite ;  but  more  especially 
in  the  limestone.  These  are  usually  intermingled,  and  in  sev- 
eral instances  a  green  staining  of  malachite  has  been  observed 
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Residual  soili  red  clay,  10  ft. 


Black  manganiferous  iron  clay  (umber)  with  nodules  of 
barite,  35  ft. ;  including  5-ft  kaolinized  pegmatite 
vein  (kaolin  and  quartz). 


White  coarsely  crystallized  limestone  (marble).  Con- 
tains some  biotite  and  tremolite,  and  disseminated 
sulphides,  pyrite  and  chalcopyrite. 


}  Black  manganiferous  iron  clay  ( umber)  with  nodules  of 
barite,  10  ft 

V  Massive  granular  white  barite,  10  ft. 

}  Thinly  foliated  coarse  mica-schist  cut  by  thin  irregular 
pegmatite  veins  composed  of  pink  feldspar  and  quarti. 
Pierced  for  a  depth  of  20  ft.  by  shaft. 
Fig.  3.— Columnar  Section,  Bennett  Barttes  Mine,  Ptitsylvania 

County, 


from  the  alteration  of  the  chalcopyrite.  Manganese  oxide  and 
iron  oxide  are  frequent  associates  in  places,  but,  as  a  rule, 
they  are  not  noticeable  in  the  best  grades  of  the  barite.  These 
are  usually  more  abundant  and,  therefore,  more  troublesome 
in  the  barite  mined  from  near  the  surface.     A  small  amount 
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of  the  barite  from  the  Hewitt  mine  in  Campbell  county  is 
reported  to  have  been  highly  charged  with  manganese  oxide. 
Tremolite  occurs  both  in  the  black  clay  and  in  the  fresh  crys- 
talline limestone,  and  in  places  much  biotite  accompanies  the 
tremolite  in  the  latter.  Biotite  also  occurs  quite  freely  dis- 
tributed through  portions  of  the  limestone  in  places  not  in 
association  with  tremolite. 

(c)  Associated  Bocks. — The  principal  rocks  of  the  Campbell- 
Pittsylvatiia  barite-area  are  crystalline  schists  with  intercalated 
thin  beds  of  coarsely-crystalline  limestone.     The  schists  are  of 


Fig.  4.— Ideal  Section  in  Bennett  Barytes  Mine,  Pittsylvania  County. 

two  distinct  types — mica-schist  and  quartz-schist.  The  im- 
mediate rocks  with  which  the  barite  is  associated  are  marked 
by  the  essential  absence  of  feldspar.  The  schists  are  composed 
of  mica  with  minimum  quartz,  and  they  are  unquestionably 
derived  from  sediments.  Igneous  rocks  of  basic  composition 
occur  in  the  vicinity  of  Toshes,  and  an  irregular  gneiss  of 
granitic  composition  is  found  within  0.75  mile  ITE.  of  the 
Bennett  mine,  the  origin  of  which,  whether  sedimentary  or 
igneous,  has  not  been  determined. 

In  the  Evington  portion  of  the  area,  the  underlying  rock  im- 
mediately in  contact  with  the  limestone-masses  on  the  north- 
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west  side  is  a  fine-grained  quartzite-schist  of  considerable  purity, 
and  containing  small  bright  scales  of  white  mica  developed 
mostly  along  the  planes  of  schistosity.  The  overlying  rock  im- 
mediately in  contact  with  the  limestone-masses  on  the  north- 
east side  is  a  variable  micarschist,  always  of  fine  textare  and 
thinly  foliated.  Variation  is  from  a  moderately  fine-grained 
muscovite-biotite  schist  at  the  Saunders-Phillips  mines  to  a  very 
fine-grained,  lustrous,  sericite-schist  at  the  Hewitt  mine.  A  fine- 
textured  mica-schist,  heavily  charged  with  minute  grains  and 
crystals  of  black  magnetite,  forms  an  additional  facies  of  the 
schist  at  the  Hewitt  mine.  The  micarschists  are  composed  es- 
sentially of  mica  without  feldspar. 

The  mines  developed  on  the  southwest  end  of  the  belt  in  the 
vicinity  of  Toshes  indicate  an  inclosure  of  the  limestone-masses 
by  a  much  coarser  textured  biotite-muscovite  schist  on  the  two 
sides.  Feldspar  is  only  recognized  as  a  scantily-developed  con- 
stituent of  the  rock,  but  thin  stringers  of  quartz  are  interleaved* 
at  times  with  the  schist,  and  small  dike-like  bodies  of  a  coarse 
crystallization  of  pink  feldspar  and  quartz  frequently  cut  across 
the  foliation  of  the  micarschist.  The  kaolinized  equivalents  of 
these  dike-like  masses  are  found  in  the  same  position  in  the  re- 
sidual clays  derived  from  the  schist. 

Where  exposed  in  mining,  the  limestone  is  a  coarsely  crys- 
talline massive  marble  of  considerable  purity  in  places.  In 
color  it  is  generally  white,  occasionally  pink,  and  sometimes 
greenish.  It  contains  more  or  less  of  the  silicate  minerals,  bio- 
tite  and  tremolite,  and  is  frequently  charged  with  pyrite  and 
chalcopyrite.  Manganese  oxide  and  iron  oxide  are  noted  in 
places.  The  limestone  is  not  of  uniform  thickness,  but  thins 
and  thickens,  the  maximum  observed  thickness  being  about  60 
ft.  It  conforms  in  dip  and  strike  to  the  structure  of  the  in- 
closing schists  described  above. 

In  composition  the  limestone  is  composed  essentially  of  cal- 
cium carbonate  with  small  amounts  of  magnesium  carbonate, 
as  shown  in  the  analyses  below,  made  by  Dr.  Walter  B.  EUett, 
of  specimens  which  I  collected  : 
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1.  2.  3. 

Per  cent.  Per  Cent.  Per  Cent. 

Inflolable  matter, 1.66  0.87  1.10 

Alumina,     | ^  24  ^^  3^^  ^^ 

Iron  oxide, ) 

Barium  sulphate, 0.62  0.65  1.62 

Calcium  carbonate,        ....  89.36  93.33  91.07 

Magnesium  carbonate, ....  6.61  2.82  3.73 

Copper  sulphide, trace  trace  0.36 

1  and  2.  White  crystalline  limestone  from  the  Hewitt  mine,  Campbell  county. 
3.  White  and  pink  crystalline  limestone  from  the  Bamsay  mine,  Pittsylvania 
county. 

A  third  and  important  type  of  rock  intimately  associated 
with  the  barite,  and  whose  fresh  equivalent  is  a  limestone- 
schist,  is  a  black  manganiferous  and  ferruginous  clay,  locally 
called  "  umber."  It  is  found  at  every  opening  made  on  the 
belt,  and  its  position  is  next  to  the  limestone,  occurring,  as  a 
rule,  on  both  sides.  Openings  made  near  the  outcrop  usually 
penetrate  a  considerable  thickness  of  the  black  clay,  but  do 
not,  as  a  rule,  encounter  the  limestone.  When  followed  down, 
however,  for  a  short  distance  in  the  direction  of  the  dip,  the 
limestone  appears  inclosed  on  either  side  by  the  dark  clay, 
which  apparently  thins  on  depth  and  ultimately  disappears. 
Like  the  associated  schists,  the  black  clay  always  contains  the 
foliation  planes  preserved  in  it  of  the  original  limy  schist  from 
which  it  was  derived. 

Leached  mica-folia  and  small  partly-oxidized  areas  of  light 
green  tremolite  are  found  in  the  black  clay  of  the  Pittsylvania 
county  mines.  The  relations  of  the  clay  to  the  limestone- 
masses  and  the  mica-schist,  together  with  its  structure  and  com- 
position, reasonably  support  the  belief  that  it  was  derived  by 
decay  from  a  limy  schist  which  was  transitional  between  the 
well-defined  limestone  on  the  one  hand  and  the  mica-schist  on 
the  other.  The  kaolinized  equivalents  of  the  pegmatite  dike- 
like forms  found  cutting  the  schists  are  observed  in  similar  po- 
sition in  the  black  clay,  as  shown  in  Fig.  8.  Much  good  barite 
is  mined  from  the  black  clay,  in  which  it  occurs  imbedded  as 
nodular  masses.  Figs.  3  and  4  make  clear  the  above  relations 
of  the  clay  to  the  limestone  and  the  schist. 

Samples  of  the  black  clay  which  I  collected  from  the  Ben- 
nett mine  in  Pittsylvania  county,  and  analyzed  by  Dr.  Walter 
B.  EUett,  gave  the  following  results : 
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Per  Cent 

Insoluble  resldae 14.20 

Alumina, •    .  .  4.96 

Ferric  oxide, .  .  32.40 

Manganous  oxide, 19.49 

Lime, 2.06 

Magnesia, trace 

Barium  oxide, trace 

Copper, trace 

{d)  Structure. — The  rocks  are  all  schistose  and  preserve  a  gen- 
eral NE.  strike  with  local  variations,  which,  so  far  as  measured, 
range  from  N.  30°  to  55°  E.  The  pure  limestone  masses  are 
more  or  less  massive,  becoming  decidedly  schistose  with  de- 

««AUNDER8  MANOANEU  MUNOEM  BARYTES 

MINE 


1 

Fig.  5.— Section  About  1.5  Miles  East  of  Evington,  Campbell  Couxty. 
(Section  About  3  Miles  Long.) 

creased  purity.  Greater  variations  are  shown  in  the  dip  of  the 
rocks. 

At  the  northern  end  of  the  belt,  near  Evington,  in  Campbell 
county,  at  the  Saunders-Phillips  mines,  the  schists  dip  N. 
60°  to  65°  W.  At  the  Hewitt  mine,  which  is  about  2  miles 
S.  70°  W.  from  the  Saunders  mine,  the  dip  is  toward  the  SE. 
and  quite  steep,  affording  a  distinct  synclinal  structure,  as 
shown  in  Fig.  5.  Near  the  southern  end  of  the  belt  at  Toshes, 
in  Pittsylvania  county,  the  openings  at  the  Bennett  mine  show 
a  variable  dip  to  the  SE.,  which  is  much  flatter  than  in  the 
Campbell  county  area,  the  probable  average  being  about  20°. 
Outcrops  of  the  schist  at  other  places  in  this  vicinity  gave  con- 
cordant results  in  dip.  As  indicated  in  the  measurements  of 
dip  on  the  two  ends  of  the  belt,  the  folding  has  not  been  of 
uniform  intensity.  At  the  northeastern  end  the  folding  is 
steeper  and  of  a  more  closed  type,  while  at  the  southwestern 
end  it  is  flatter  and  of  a  more  open  type. 

(e)  Mines. — ^In  Campbell  county  the  principal  mines  are  the 
Hewitt,  Saunders,  Phillips,  and  Anthony,  grouped  near  together 
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and  within  a  few  miles  east  and  SE.  of  Evington.  Of  these,  the 
Hewitt  mine  has  been  the  most  extensively  worked.  It  is 
located  on  the  west  side  of  Flat  creek,  about  2.5  miles  from 
Evington,  and  about  the  same  distance  from  the  Saunders  and 
Phillips  mines.  It  was  worked  almost  continuously  from  1874 
until  1904,  when  it  was  abandoned  on  account  of  water.  It  is 
developed  by  numerous  shafts  and  drifts,  the  greatest  depth 
reached  in  mining  being  about  160  ft.  This  depth  extends  be- 
low the  local  water-level,  making  it  necessary  to  pump  the  water 
from  the  openings,  which  was  troublesome,  and  finally  led  to 
suspension  of  work.  The  strike  of  the  rocks  is  N.  55^  E.,  with  a 
steep  SE.  dip.  The  limestone  with  which  the  barite  is  asso- 
ciated has  a  thickness  of  about  60  ft.,  and  is  underlain  by  a 
quartzite-schist  on  the  northwest  side,  locally  designated  the 
foot^wall,  and  overlain  by  a  thinly  foliated  mica-schist  on  the 
northeast  side,  locally  called  the  hanging-wall.  As  described 
above,  the  ore  occurs,  here  and  elsewhere  in  this  belt,  as  irregu- 
lar bodies  replacing  the  limestone,  and  as  irregular  rounded 
nodules  and  masses  in  a  black  manganiferous  and  ferruginous 
clay,  locally  called  umber. 

The  Saunders  and  Phillips  mines  adjoin  each  other,  and  are 
located  on  the  crest  of  a  well-defined  NE.-SW.  ridge  on  the 
east  side  of  Flat  creek,  about  8  miles  east  of  Evington.  The 
developments  comprise  shafts,  pits,  and  tunnels,  the  deepest  one 
of  which  does  not  exceed  100  ft.  The  first  openings  were  made 
about  20  years  ago.  The  rock  associations  are  identical  with 
those  described  at  the  Hewitt  mine.  The  strike  of  the  schist 
is  K  80°  E.  and  the  dip  K  60°-65°  W.  About  2  miles  SW. 
of  the  Saunders  mine  is  the  Anthony  mine,  which  has  produced 
a  considerable  quantity  of  ore. 

The  barite  area  in  the  extreme  northwest  corner  of  Pittsyl- 
vania county  has  been  more  extensively  worked  than  any 
other  part  of  the  belt.  It  has  been  developed  by  a  large 
number  of  mines,  grouped  in  two  nearly  parallel  belts  on  either 
side  of  Pig  river,  just  south  of  its  entrance  into  Roanoke  river. 
Beginning  at  the  northeast  end  the  easternmost  belt,  trending 
approximately  NE.-SW.,  has  been  developed  by  the  following 
mines :  Berger,  Ramsay,  Bennett,  Parker,  Thompson,  and  Dry- 
den  Wright.  This  belt  lies  approximately  0.75  mile  east  of 
Toshes.    The  westernmost  belt  is  developed  by  the  Tom  Wright 
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mine,  1  mile  east  of  Sandy  Level,  and  by  the  Hatchet,  Meaa, 
and  Davis  mines  SW.  of  Sandy  Level. 

The  Thompson  mine  is  reported  to  have  been  the  first  one 
opened  in  the  area ;  followed  by  the  Parker,  Berger,  Bennett, 
and  Ramsay,  in  the  order  named.  The  first  four  of  these  were 
worked  more  than  26  years  ago,  and  the  barite  produced  from 
each  mine  was  very  large  in  quantity  and  excellent  in  quality. 
Except  the  Bennett  mine,  which  is  operating  at  present,  the 
others  have  been  idle  for  some  years,  and  very  little  could  be 
seen  at  the  time  of  my  examination  in  September,  1906. 

The  mines  in  this  area  were  developed  by  numerous  shafts 
and  drifts  and  some  open  work.  The  greatest  depth  yet 
reached  in  mining  is  120  ft.,  the  depth  of  the  working-shaft  at 
the  Bennett  mine.  A  description  of  this  mine,  one  of  the 
most  extensively  worked  in  the  district,  and  the  only  one  in 
operation  in  1906,  may  be  taken  as  typical  of  the  area. 

The  rock-succession  at  the  Bennett  mine  is  shown  in  Fig.  8, 
which  represents  a  vertical  section  of  the  120-ft.  shaft.  As 
shown  in  this  sketch,  and  also  in  Fig.  4,  the  wall-rock  is  coarse- 
grained, thinly-foliated  micarschist,  intersected  by  pegmatite 
dikes  composed  of  coarse  crystallization  of  feldspar  and  quartz. 
The  fresh  mica-schist  is  exposed  in  the  bottom  of  the  shaft, 
where  it  is  penetrated  for  a  depth  of  20  ft.,  the  overlying  rock 
being  a  black  manganiferous  and  ferruginous  clay,  usually  thinly 
foliated,  and  derived  from  a  lime-schist.  A  similar  black  clay 
also  underlies  the  limestone,  occurring  between  it  and  the  fresh 
mica-schist.  The  limestone,  which  is  a  coarsely  crystalline 
marble  and  charged  to  a  small  degree  with  both  sulphide  and 
silicate  minerals,  is  40  ft.  thick,  and  occurs  between  the  two 
layers  of  black  clay. 

The  barite  is  associated  with  both  the  limestone  and  the  black 
clay,  in  part  as  a  replacement  of  the  limestone,  and  as  irregu- 
lar, rounded  masses  and  nodules  in  the  over-  and  under-lying 
clays.  The  largest  concentration  of  the  barite  is  between  the 
limestone  and  the  schist,  and  it  has  an  average  thickness  of 
about  10  ft.  The  contact  between  the  barite  layer  and  the 
limestone  is  very  irregular,  the  ore  often  penetrating  far  into 
the  limestone,  as  shown  in  Figs.  8  and  4.  The  contact  between 
the  barite  and  the  mica-schist  is  sharply  contrasted  with  that 
made  with  the  limestone,  and  is  sharply  defined  and  quite 
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regular.  The  barite  is  massive-granular,  moderately  coarsely 
crystalline,  and  of  good  white  color.  Five  grades  of  the  ore 
are  made  and  marketed. 

As  indicated  on  map,  Fig.  2,  numerous  other  openings  have 
been  made  between  the  Evington  group  of  mines  and  the 
Toshes-Sandy  Level  group.  Of  these,  perhaps  the  Maddox 
mine  is  one  of  the  most  important  if  not  the  most  important. 
It  is  located  about  one  mile  SW.  of  Otter  river  station.  Barite 
of  excellent  quality  and  in  large  quantity  was  mined,  but  the 
mine  has  not  been  operated  in  recent  years  on  account  of  water, 
which  makes  the  mining  too  expensive. 

2.  Bedford  County  Area, 

Barite  occurs  and  has  been  mined  at  a  number  of  different 
points  in  Bedford  county.  Several  mines  near  the  Campbell 
county  line  have  yielded  large  quantities  of  the  mineral.  In 
the  western  part  of  the  county,  between  Bedford  City  and 
Roanoke,  a  recent  operation  shows  an  interesting  occurrence 
of  the  mineral.  The  deposit  lies  about  8  miles  NW.  from 
Thaxton,  and  is  reported  to  have  been  first  opened  in  1866, 
when  a  small  quantity  of  the  barite  was  shipped  to  Baltimore. 
It  was  re-opened  again  during  the  fall  of  1906.  The  barite 
occurs  in  a  completely-schistose  coarse-grained  granite  filling  a 
fracture.  Some  distance  away  from  the  fracture  the  granite  is 
entirely  massive  and  porphyritic,  the  feldspar  phenocrysts  being 
of  large  dimensions. 

As  nearly  as  could  be  determined,  the  fracture  has  a  N.  10° 
to  20°  E.  course,  and  dips  about  60°  SE.  An  open  cut  about 
20  ft.  deep  has  been  made  along  the  course  of  the  fracture  for 
a  distance  of  about  450  ft.  The  granite  in  the  vicinity  of  the 
fracture  is  deeply  decayed,  although  the  fracture  is  distinctly 
shown  at  one  end  of  the  cut  where  it  carries  no  barite. 

The  barite  is  crystalline,  and  varies  in  color  from  white  to 
deep  blue-gray.  In  places,  much  galenite  in  small  grains  and 
occasional  sphalerite  are  disseminated  through  the  barite.  It 
seems  quite  probable  that  the  source  of  the  barium  has  been 
from  the  feldspar  of  the  granite.  The  associated  galena  and 
sphalerite  indicate  that  they  were  deposited  contemporaneously 
with  the  barite.  Whether  they  were  introduced  as  soluble 
sulphides  and  deposited  as  such,  or  whether  they  were  intro- 
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duced  as  sulphates  and  subsequently  reduced  to  the  sulphide 
form,  there  is  no  evidence. 

8.  Louisa  County  Area. 

Barite  occurrence  and  mining  in  Louisa  county  are  limited 
to  the  Walker  place,  0.75  mile  south  of  Mechansville,  and  8 
miles  south  of  east  from  Lindsay,  the  nearest  railway-point 
The  openings  comprise  a  number  of  test-pits  and  several  shafts, 
the  deepest  one  of  which  is  between  70  and  80  ft.  Mining  had 
been  temporarily  suspended  for  several  months  prior  to  my 
visit  and  the  openings  were  filled  with  water,  which  prevented 
entering  them  for  study  of  the  ore-  and  rock-relations. 

The  area,  which  forms  a  part  of  the  crystalline  region  east 
of  the  Blue  Ridge,  is  topographically  a  nearly  flat,  gently  un- 
dulating surface,  averaging  about  500  ft.  above  mean  tide-leveL 

The  rocks  are  metamorphic  crystalline  schists  of  probable 
sedimentary  origin.  They  are  very  thinly  foliated  micaceous 
schists,  considerably  altered,  the  foliation-planes  of  which  are 
so  regular  and  closely  spaced  as  to  be  called,  locally,  slates. 
They  strike  approximately  NE.-SW.  and  observe  a  general 
southeast  dip,  with  a  probable  average  of  about  45°.  Expo- 
sures of  the  rock  are  rare  because  of  the  considerable  depth  of 
residual  decay,  chiefly  gray  and  red  clays.  Quartz-fragments, 
both  large  and  small,  frequently  litter  the  surface,  indicating 
quartz-veins  or  vein-like  masses  interleaved  with  and  cutting 
across  the  foliation  of  the  schists.  Careful  search  failed  to  in- 
dicate the  presence  of  limestone,  and  close  inquiry  farther  con- 
firmed its  absence. 

Examination  of  the  ore  was  necessarily  confined  to  the 
dumps.  The  ore  is  a  moderately  white  grade  of  coarsely  crys- 
tallized barite,  remarkably  free  from  impurities  other  than  the 
usual  discoloration  from  the  red  iron  oxide.  Several  lumps  of 
the  ore  showed  cavities  filled  with  nearly  perfect  quartz-crys- 
tals. Drused  surfaces  of  large  tabular  barite-crystals  are  abun- 
dant. The  ore  was  traced  from  the  surface  downward  in  the 
openings,  observing  a  general  but  variable  dip  toward  the 
southeast.  It  is  reported  to  be  pockety  in  mode  of  occurrence, 
widening  and  narrowing  sharply  and  frequently,  but  having  a 
thickness  of  about  3  ft.  where  worked  in  the  deep  shaft. 

Evidence  is  apparently  lacking  for  regarding  the  ore  as  a  re- 
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placement>deposit.  It  probably  represents  a  filling  of  an  irregu- 
lar fracture  in  the  crystalline  schists,  the  barium  salt  of  which 
was  probably  derived  from  some  mineral  or  minerals  compos- 
ing the  surrounding  rocks. 

VI.  Thb  Valley  (Paleozoic)  Region  of  Southwest  Virginia. 

The  Virginia  Valley  region  lies  west  of  the  Blue  Ridge  and 
comprises  a  vast  thickness  of  Paleozoic  sediments,  the  principal 
member  of  which  is  the  Valley  or  Shenandoah  limestone,  separ- 
able into  several  divisions,  of  Cambro-Ordovician  age.  Barite 
occurs  in  a  number  of  counties  in  the  middle  and  northern 
parts  of  the  Valley,  but  mining  of  it  in  the  Valley  province  has 
been  confined  largely  to  Russell,  Smyth,  and  Tazewell  counties 
in  southwest  Virginia.  Wherever  commercial  deposits  of 
barite  have  been  opened  in  this  province  they  have  been  found 
in  association  with  the  Shenandoah  limestone  or  its  residual 
decay.  Within  recent  years,  mining-operations  have  been 
limited  to  Tazewell  and  Russell  counties. 

1.  Mode  of  Occurrence. 

In  southwest  Virginia  the  barite  is  in  association  with  the 
Shenandoah  limestone  or  its  residual  decay.  It  observes 
certain  minor  variations  of  occurrence  from  place  to  place. 
It  fills  in  part,  at  least,  fractures  in  the  limestone,  and  in 
part  it  replaces  the  limestone.  These  occurrences  of  barite 
in  the  limestone  are  fairly  well  shown  in  the  southeastern  part 
of  Wythe  county.  Here  the  mineral  associations  with  barite 
are  limonite,  sphalerite,  galenite,  pyrite,  and  occasional  fluorite, 
in  certain  openings  named  below,  from  which  iron-  and  zinc- 
ores  have  been  mined.  In  the  Tazewell-Russell  counties  area 
the  common  associates  are  limonite  and  calcite,  with  some 
fiiderite,  and  occasional  fluorite. 

In  addition  to  its  occurrence  in  the  fresh  limestone,  the 
barite  is  found  as  small  and  large  nodules  irregularly  distrib- 
uted through  the  red  clay  resulting  from  the  decay  of  the 
limestone.  Variation  in  local  occurrence  and  in  mineral  asso- 
ciation is  brought  out  in  the  following  description  of  the  in- 
dividual  areas. 
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2.    Wythe  Cotmty  Area. 

In  the  southern  part  of  Wythe  county,  and  near  the  eastern 
margin  of  the  Shenandoah  limeetone,  barite  occurs  in  associar 
tion  with  the  metallic  ores  in  some  of  the  zinc-  and  iron-mines. 
No  attention  has  been  given  to  the  mining  of  barite  in  this 
locality,  nor  is  it  known  whether  commercial  deposits  of  the 
mineral  exist. 

In  several  of  the  brown-iron-ore  pits  at  Ivanhoe,  barite  has 
been  observed  in  some  of  the  limestone  pinnacles  as  irregular 
porous,  or  cellular  masses  intimately  associated  at  times  with 
pyrite,  sphalerite,  and  galenite.  These  latter  minerals,  sul- 
phides, were  noted  in  several  instances  as  inclosures  in  the 
barite,  and  the  barite  replaces  in  part  the  limestone.  Northeast 
of  Ivanhoe,  at  the  Bertha  zinc-mines,  which  have  been  operated 
for  several  years  for  iron-ore,  barite  is  found  in  places  as  loose 
nodules  imbedded  in  the  red  clay  derived  from  the  limestone 
decay. 

About  0.5  mile  NE.  of  Bertha,  at  the  Barren  Springs  iron- 
ore  pits,  barite  is  again  found  similarly  occurring.  The  mode 
of  occurrence  and  the  associations  of  the  barite  in  the  above 
localities  suggest  the  introduction  of  the  barium  salt  along 
fracture-lines  in  the  limestone  and  part  replacement  of  the 
limestone  by  barite.  Moreover,  there  is  every  reason  for  re- 
garding the  barite,  sulphides,  and  the  little  fluorite  found  as 
having  been  brought  in  and  deposited  at  the  same  time. 
"Whether  the  sulphides  were  carried  as  soluble  sulphides,  or  as 
sulphates  and  deposited  as  sulphides,  there  is  no  convincing 
evidence. 

8.  Smyth  County  Area. 
Barite  was  extensively  mined  some  years  ago  near  Marion, 
the  county-seat  of  Smyth  county.  Mining  and  shipping  of 
barite  in  this  county  were  begun  about  1877,  and  the  work 
was  continued  more  or  less  energetically  until  about  1885. 
Some  mining  on  a  small  scale  has  since  been  done  from  time 
to  time.  Barite  mining  in  this  county  was  largely  confined  to 
an  area  about  8  miles  west  from  Marion,  with  but  a  small 
amount  of  material  mined  on  the  east  side  of  the  town.  Most 
of  the  barite  mined  was  prepared  by  several  local  mills,  the 
greater  part  being  prepared  by  the  mill  at  Marion. 
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The  mining  of  barite  was  largely  confined  to  the  lumps  and 
nodules  of  the  mineral  imbedded  in  the  residual  red  clays  de- 
rived from  the  Shenandoah  limestone.  The  barite  nodules 
were  often  mixed  with  cherty  masses  and  broken  or  detached 
pieces  of  limestone.  The  mining  did  not  reach  100  ft  in 
depth.  In  some  instances  mining  was  extended  into  the  fresh 
and  hard  limestone.  Gradation  from  the  barite  into  the  lime- 
stone was  shown,  and  in  such  cases  much  care  and  labor  were 
necessary  to  separate  the  two.  The  exposures  of  limestone  in 
some  places  showed  more  or  less  barite  mixed  with  it. 

4.  The  RusselU  Tazewell  Counties  Area, 
Extensive  deposits  of  barite  are  found  in  Russell  and  Taze- 
well counties,  these  being  the  largest  producers  of  barite  at 
present  in  the  State.  Geographically,  the  distribution  of  the 
barite  in  these  two  counties  is  chiefly  along  the  southern  slope 
of  Kent  Ridge  and  its  prolongation  NE.-S  W.  along  the  valley 


Fig.  6. — Structubb  Section  Alonq  Line  A — A  op  Fig.  9,  Showing  Stblx- 
TUBAii  Belations  OF  THE  Babite  AND  RocKS.  a  IS  Bakite.  Adapted 
from  Tazewdl  Folio,  U,  S,  Qtological  Survey. 


Fig.  7. — Stkucttiie  Section  Along  Line  B — B  or  Fig.  9,  Showing  Stbuc- 
TUBAL  Relations  of  the  Babite  and  Rocks.  Black  is  Barite. 
Adapted  from  Tazewell  FdiOy  U,  S,  Qeclogkal  Survey. 

of  Clinch  river,  extending  from  near  North  Tazewell  to  near 
Lebanon,  a  distance  of  more  than  30  miles,  partly  shown  in 
Pig.  9. 

Barite  has  been  mined  at  numerous  points  along  this  NE.- 
BW.  belt,  the  principal  mines  being  near  North  Tazewell ;  3 
miles  south  of  Richlands;  3  miles  from  Honaker  on  the  Clinch 
river ;  and  on  the  southwestern  end  of  the  belt  near  Lebanon. 
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Throughout  this  belt  the  barite  is  found  in  the  upper  por- 
tion of  the  Knox  dolomite  and  its  residual  decay.  Sections, 
Figs.  6  and  7,  show  the  structural  relations  of  the  Knox  dolo- 
mite and  the  adjacent  rocks  on  the  northwest  and  southeast, 
near  Sword  creek  and  Richlands,  in  Tazewell  county. 

The  barite  occurs  as  small  and  large  lumps  of  irregular 
shapes  assembled  in  the  residual  clay  of  the  limestone,  and  in 
pocket^form  and  vein-like  bodies  filling  spaces  in  the  lime- 
stone, and  in  part  replacing  the  limestone.  Fig.  8  illustrates 
one  of  the  principal  modes  of  occurrence  of  barite  in  this  area. 
The  barite  is  crystalline,  of  good  white  quality,  and  in  most 
places  is  quite  free  from  impurities.  The  mines  of  the  Clinch 
Valley  Barytes  Co.,  near  Honaker  and  Gardner,  show  a  coarsely- 
crystalline  white  barite,  in  platy,  more  or  less  radiate  masses — 


Fig.  8.— Pbincipal  Mode  op  Occurrence  op  Baritb  in  Russell  and 
Tazewell  Counties. 

a  structure  which  is  strongly  emphasized  on  weathered  sur- 
faces of  the  ore.  The  commonest  impurity  at  these  mines  is 
iron  oxide,  mostly  in  the  form  of  limonite.  Manganese  oxide 
occurs  but  sparsely,  or  not  at  all.  In  one  of  the  pits  a  little 
violet  fluorite  and  small  fragments  of  green  chert  were  noted 
in  association  with  the  ore. 

The  greatest  depth  attained  in  mining  is  103  ft.  at  the  mines 
of  the  Pittsburg  Baryta  &  Milling  Corporation  on  the  northeast 
end  of  the  belt.  Most  of  the  mining  done  has  been  for  the 
lump  or  nodular  ore  occurring  in  the  limestone  clays,  won  from 
shallow  open  pits  and  cuts.     Some  hard-rock  mining  in  the 
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limestone  has  been  done  in  places.  It  is  probable  that  in  the 
future  much  limestone-ore  will  be  mined,  since  large  bodies  of 
excellent  grade  material  are  exposed  at  several  places  along  the 
belt,  especially  on  the  properties  of  the  Pittsburg  Baryta  4 
Milling  Corporation. 

At  the  NE.  end  of  the  belt  an  ore-body  4  ft.  wide  has  been 
mined  to  a  depth  of  22  ft.  and  for  a  distance  of  more  than  300 
ft.  The  ore  has  been  tested  to  a  depth  of  more  than  100  ft. 
without  indications  of  its  exhaustion.  Preparations  are  being 
made  to  mine  this  ore-body  to  a  greater  depth.  The  barite 
occurs  in  vein-like  bodies  in  the  limestone,  is  very  white,  free 
from  impurities,  and  makes  the  best  "  snow-flake  "  grade  manu- 
factured by  the  company.  On  the  extreme  southwest  end  of 
the  belt,  near  Finney,  the  properties  of  the  same  company  show 
ore-bodies  in  the  limestone  of  the  same  white  and  otherwise 
excellent  grade  of  ore  as  that  described  above  on  the  northeast 
end.  Three  miles  south  of  Kichlands  this  company  has  mined 
more  than  6,000  tons  of  barite  from  its  property.  Unlike  the 
ore  described  above  on  the  two  ends  of  the  belt,  that  south  of 
Richlands  is  lump  ore  mined  from  the  red  limestone  clays. 

VII.  Genesis  of  the  Barite-Deposits. 

The  work  of  F.  W.  Clarke,  Sandberger,  and  others,  demon- 
strates the  wide  distribution  of  barium  in  rocks,  usually  present 
only  in  minute  traces,  but  not  infrequently  in  appreciable 
quantity.  In  the  absence  of  necessary  chemical  work  on  the 
Virginia  rocks  in  which  the  barite-deposits  are  found,  but  from 
the  field-character  and  relations  of  the  deposits,  it  seems  rea- 
sonable to  assume  that  the  source  of  the  barium  was  largely  if 
not  entirely  the  rocks  in  which  the  deposits  are  now  found. 
There  is  no  evidence  in  support  of  a  deep  circulation. 

The  barium  of  the  Valley  barite-deposits  is  believed  to  have 
been  derived  from  the  Shenandoah  limestone,  the  rock  in  which 
the  deposits  are  found.  Of  that  forming  the  deposits  east  of 
the  Blue  Ridge  in  Piedmont,  Virginia,  it  is  not  possible  to  say 
whether  the  barium  was  derived  from  the  crystalline  schists  or 
from  the  associated  limestone-masses,  or  from  both.  It  is  rea- 
sonably certain,  however,  that  the  source  of  the  barium  in  the 
deposit  near  Thaxton,  Bedford  county,  was  the  silicate  min- 
erals of  the  granite,  probably  the  feldspar. 
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The  barium  was  probably  liberated  and  carried  in  solution 
as  the  soluble  bicarbonate  when,  under  proper  conditions,  it 
was  precipitated  as  the  insoluble  sulphate.  Some  recent 
laboratory  experiments  made  by  Dickson  with  solutions  of 
barium  carbonate  on  selenite  crystals  and  pure  anhydrite  in 
the  presence  of  C0„  and  on  pyrite  crystals  in  the  presence  of 
an  oxidizing  agent,  H,0,,  resulted  in  each  case  in  the  precipi- 
tation of  barium  sulphate.  The  presence  of  pyrite  in  the  Vir- 
ginia rocks  may  suggest  the  possibility  of  its  connection  as  a 
precipitating-agent  in  the  formation  of  the  barite-deposits,  but 
lack  of  sufficient  data  renders  it  impossible  at  this  time  to 
state  the  conditions  under  which  the  precipitation  of  the  barium 
sulphate  took  place  and  the  agents  involved. 

Vin.  Methods  op  Mining. 
Mining  of  barite  in  Virginia  is  surface-work,  with  no  deep 
mining  in  any  part  of  the  State.  The  greatest  depth  yet 
reached  in  any  of  the  mines  is  160  ft.,  in  a  shaft  recently  oper- 
ated at  the  Hewitt  mine,  in  Campbell  county.  In  the  crystal- 
line area  east  of  the  Blue  Ridge  the  ore  is  won  by  vertical 
timbered  shafts  and  drifts  which  follow  the  direction  of  the 
ore-bodies.  The  machinery  employed  is  simple,  light,  and 
inexpensive.  In  the  limestone  belt  of  southwest  Virginia  the 
mining  is  shallow  and  largely  by  open-pit  work.  Blasting  is 
necessary  for  breaking  down  the  ore  in  the  fresh  limestone. 

IX.  Preparation  of  the  Ore. 
For  the  removal  of  impurities  from  the  better  grades  of 
merchantable  ore,  washing,  bleaching,  and  grinding,  and  occa- 
sionally jigging,  are  the  only  necessary  operations.  The  com- 
mon impurities  in  the  best  grades  of  ore  include  the  iron  oxide 
and  manganese  oxide,  limestone,  clay,  and  sand.  The  ore  in 
the  limestone  in  the  Valley  region  of  southwest  Virginia  is 
both  jigged  and  washed  before  bleaching  and  grinding.  The 
preparation  of  barite  has  been  described  by  Higgins.* 

'  Barytes  and  Its  Preparation  for  the  Market,  Engineering  Nem^  vol.  liii.,  p. 
196  (1905)  ;  Bleaching  Barytes,  Engineering  and  Mining  Journal,  vol.  Ixziz.,  p. 
466  (1905). 
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X.  Barite-Mills. 

The  barite  mined  in  Virginia  is  prepared  for  market  at  the 
following  plants :  The  plant  at  Lynchburg,  owned  by  Nulsen, 
Klein  &  Erausse ;  the  plant  at  Honaker,  owned  by  the  Clinch 
Valley  Barytes  Company;  the  plant  at  Richlands,  owned  by  the 
Pittsburg  Barytes  &  Milling  Corporation;  and  the  plant  at 
Bristol,  owned  by  John  T.  Williams  &  Sons. 

All  except  the  Lynchburg  plant  are  situated  in  southwest 
Virginia.  These  mills  are  modern,  of  large  capacity,  and  fiiUy 
equipped  with  machinery. 

XI.  Conclusions. 

From  the  description  detailed  above  of  barite  occurrence  in 
the  Virginia  areas  the  following  general  facts  are  deducible : 

(1)  With  two  exceptions,  the  barite-deposits  are  associated 
with  limestone  or  its  residual  decay.  These  exceptions  show 
the  occurrence  of  the  barite  in  crystalline  siliceous  rocks  more 
or  less  remote  from  limestone  masses. 

(2)  The  occurrence  of  the  barite  in  the  limestone  is  partly 
as  a  replacement,  and  partly  as  vein-like  masses  filling  frac- 
tures ;  and  in  the  residual  clays  as  loose  nodular  masses  irregu- 
larly assembled  and  of  different  sizes  and  shapes.  In  each  of 
these  occurrences  the  barite  is  crystalline  in  texture,  and  is  the 
result  of  solution  and  deposition. 

(3)  The  barite  and  associated  minerals  suggest  deposition 
from  reasonably-shallow  circulations.  The  barite  is  believed  to 
have  been  largely,  if  not  entirely,  derived,  in  most  cases,  from 
the  rocks  in  which  the  concentrations  are  now  found. 
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[TRANSACTIONS  OF  TEE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


The  Presence  of  Gold  and  Silver  in  Deep-Sea  Dredgings. 

BY  LUTHER  WAGONER,   SAN  FRANCISCO,  CAL. 
(New  York  Meetlog.  April,  1907.) 

Having  given  in  a  former  paper*  the  results  of  assays  of  sea- 
water,  bay-mud,  dredgings  from  San  Francisco  bay,  etc.,  and 
believing  it  might  be  interesting  to  extend  the  work  to  include 
some  deep-sea  dredgings,  I  procured  from  the  Smithsonian  In- 
stitution six  samples  taken  by  the  TJ.  S.  steamer  Albatross^  and 
marked  as  follows : 


Depth  In 
Fathoms. 

No. 

Station. 

Locality. 

LaUtnde 

Longitude. 

1. 

2ioa. 

Off  Delaware  bay. 

38«47^20^^N., 

72°  37^         W., 

1,091. 

2. 

2265  to 
2297. 

Between  Chesapeake 
bay  and  Hatteras. 

35*37^ 

N., 

74°  to  76*'    W., 

49  to  70. 

a. 

2420. 

Off  Chesapeake  bay. 

37«»03'20''N., 

74<»3r40'^W.» 

104. 

4. 

2528. 

East     of      Georges 
bank. 

41«47^ 

N., 

660  87^  30'/ W., 

677. 

6. 

2572. 

SE.  of  Georges  bank. 

40<>29^ 

N., 

66*04'         W., 

1,769. 

6. 

2681 

South  of  Nantucket. 

39<>43' 

N., 

70*29'         W., 

990. 

The  above  samples  were  assayed  by  the  cyanide-method,  de- 
scribed in  my  former  paper  (p.  807),  about  30  g.  of  sample  being 
used,  and  the  following  results  were  obtained : 

Value,  in  Milligrams  Per  Metric  Ion, 


No. 

SUtion. 

•    Gold. 

Silver. 

1. 

2103. 

145 

1,014 

2. 

2265  to  2297. 

44 

804 

3. 

2420. 

15 

353 

4. 

2528. 

267 

1,963 

5. 

2572. 

125 

377 

6. 

2681. 

66 

414 

No.  4,  Station  2528,  consisting  of  red  clay  and  volcanic  ash, 
was  re-assayed ;  35  g.  was  roasted  at  a  low  heat  for  one  hour 
and  weighed  34.05  g.  after  roasting;  the  color  was  changed  to 
a  deep  brick-red ;  and  when  assayed  by  the  cyanide-method 


^  The  Detection  and  Estimation  of  Small  Quantities  of  Gold  and  Silver,  IVana., 
xxxi.,  798  to  810  (1901). 
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the  material  was  found  to  contain  94  mg.  of  gold  and  496  mg. 
of  silver  per  metric  ton,  from  which  it  appears  that  roasting  is 
not  beneficial.  This  sample,  and  Nos.  8  and  6,  were  also  as- 
sayed by  fusion  with  lead  upon  coal  (using  500  mg.  of  sample), 
{^nd  gave  much  larger  amounts  of  silver,  from  which  it  may 
be  concluded  that  the  cyanide  does  not  extract  all  of  the 
silver. 

The  general  result  of  the  assays  indicates  that  the  bed  of  the 
Atlantic,  whether  coastal  or  pelagic,  carries  appreciable  amounts 
of  gold  and  silver,  and  that  the  deep-sea  bottom  is  relatively 
richer  in  gold  than  that  nearer  the  shore  line. 

I  desire  to  thank  Mr.  L.  E.  Anbury,  State  Mineralogist  of 
California,  and  his  staff,  for  the  use  of  the  laboratory  of  the 
California  State  Mining  Bureau,  and  for  aid  rendered  during 
the  investigation. 
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Chronology  of  Lead- Mining  in  the  United  States.* 

BY  W.    R.   INOALL8,  NEW  YORK,  N.  Y. 
(TorODto  Meeting,  Jaly,  1907.) 

The  following  chronology  presents  the  history  of  lead-mining 
in  the  United  States  in  a  brief  form  and  is  a  useful  reference 
in  connection  with  the  statistics  of  production : 

1621. 
Lead  wai  mined  and  smelted  near  Falling  Creek,  Va.,  to  supply  the  local  de- 
mand for  ballets  and  shot.    This  was  the  first  mining  and  smelting  of  lead  in 
what  is  now  the  United  States. 

1682. 
In  a  report  made  on  the  minerals  of  New  England,  lead-ore  is  mentioned. 
(Bishop,  I.,  470.) 

1650. 
Supposed  beginning  of  mining  bj  Jesuits  in  Pima  county,  Ariz. 

1661. 
Qrant  of  lead-mine  at  Middletown,  Conn.,  to  Gov.  John  Winthrop. 

1682. 
Lead-ore  supposed  to  have  been  discovered  in  Wisconsin  by  Nicholas  Perrot 
(R.  D.  Irving,  Mineral  Resources  of  Wisconsin,  Trans.,  viii.,  408.) 

1700. 
Discovery  of  lead  in  Missouri  by  Penicaut,  one  of  Le  Sueur's  party.     The  same 
expedition  discovered  lead  near  the  southern  boundary  of  Wisconsin  in  August 
of  the  same  year. 

1712. 
Grant  by  Louis  XIV.  of  the  Crozat  patents,  with  special  privileges  respecting 
the  discovery  and  operation  of  mines  in  the  then  territory  of  Louisiana.     Little 
or  no  mining  was  done  under  this  patent  until  about  1720. 

1717. 
Transfer  of  Crozat  patents  to  the  Mississippi  Co.,  promoted  by  John  Law, 
which  prepared  for  active  mining. 

1719. 
Urst  attempt  to  mine  and  smelt  lead  in  Missouri,  made  by  Sieur  de  Lochon, 
in  behalf  of  the  Mississippi  Co.,  near  Meramec  river.     Results  unsuccessful. 

*  This  paper  was  prepared  for  the  Caraegie  Institution,  Washington,  D.  C,  as 
a  part  of  the  industrial  history  of  the  United  States,  and  is  published  here  with 
the  permission  of  Hon.  Carroll  D.  Wright,  director  of  that  work. 
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1720. 
Philip  Francis  Renault)  appointed  director-general  of  the  mines  of  the  MiasiB 
sippi  Co.  in  1719,  arrived  at  Kaskaskia  with  200  artisans  and  miners  and  500 
slayes,  and  sent  out  exploring  parties  from  there,  one  of  which  discovered  the 
deposits  of  Mine  la  Motte,  in  Madison  county,  the  mine  taking  its  name  from  M. 
La  Motte,  a  mineralogist  accompanying  Benault,  under  whom  it  was  operated. 

1723. 
Grant  of  Mine  La  Motte  to  Benanlt 

1724-6. 
Discovery  of  lead  at  Old  Mine  and  Mine  Renault,  north  of  Potosi,  Washing- 
ton county,  Mo. 

1730. 
A  company  of  German  miners  was  sent  out  to  the  colony  of  New  Netherlands 
by  Baron  Horsendaver.    These  miners  explored  the  Highlands  and  made  many 
ventures  in  mining  and  smelting. 

1731. 
Failure  of  the  Mississippi  Go.  and  reversion  of  its  charter  to  the  Crown, 

1738-1740. 
About  this  time  the  Mine  La  Motte  was  considered  public  property,  and  the 
people  in  general  were  allowed  to  work  at  it.     It  furnished  almost  all  the  lead 
then  exported  from  the  Illinois  (Moses  Austin). 

1740. 
Operation  of  lead-mine  near  Northeast,  Dutchess  county,  N.  Y.    The  mine  pro- 
duced a  small  quantity  of  ore,  but  not  profitably.    The  ore  was  sent  to  Bristol, 
England,  and  to  Amsterdam. 

1742. 
Return  of  Renault  to  France,  bringing  to  a  close  the  first  period  of  mining  in 
Missouri. 

1750. 
Discovery  of  the  Wythe  mines,  Virginia,  by  CoL  Chiswell.    Worked  during 
the  Revolutionary  War,  and  afterwards  intermittently  up  to  1838,  and  since  then 
rather  continuously. 

1754. 
Lead-ore  was  known  to  exist  at  Southampton,  Mass.,  as  early  as  this  year,  and- 
lead  was  mined  at  Worcester,  Mass.    (Bishop,  I.,  493. ) 

T762. 
Cession  of  Louisiana  to  Spain. 

1763. 
Discovery  of  Mine  2l  Burtx)n,  at  Potosi,  Mo.,  and  immediate  inauguration  of 
exploitation.     This,   together  with  Old  Mine  and  Mine  Renault,  both  near 
Potosi,  and  the  Mine  La  Motte,  were  the  principal  mines  worked  during  the 
next  30  years. 

1765. 
Development  of  lead-mine  at  Southampton,  Mass.     Work  suspended  by  Revo- 
lutionary War  and  not  resumed  until  1809.     Never  became  important 

1766. 
Capt  John  Carver  found  lead-ore  in  abundance  at  Blue  Mound,  Wis.     The 
Indians  knew  of  it,  but  did  not  know  how  to  obtain  the  metal. 
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1767. 
Gk>vernor  Clinton,  of  New  York,  directed  attention  to  the  existence  of  valuable 
Teins  of  lead-ore  in  that  colony,  and  stated  that  the  Britifih  GoTemment  had 
leased  a  mine  of  argentiferous  galena  to  Frederick  Philipse.  A  large  refinery 
of  lead  or  of  iron  existed  at  Sing  Sing  prior  to,  or  at  the  beginning  of,  the  Bevo- 
lution.     (Bishop,  L,  527,  538.) 

1769. 

Destruction  of  settlement  at  Mine  La  Motte  by  Chickasaw  Indians  and  aban- 
donment of  the  mine,  which  was  not  reopened  until  1780  or  1782. 

1778. 
Operation  of  lead-mine  near  Birmingham,  Blair  county,  Pa.;  resumed  in  1795, 
and  again  in  1864.     Never  important. 

1788. 
The  first  mining  in  the  Wisconsin-Iowa  region  was  done  at  Dubuque,  Iowa, 
by  Julien  Dubuque,  who   received  grant  of  a  lead-mine  from  the  Fox  tribe  of 
Indians.     Dubuque  worked  this  mine  until  his  death  (in  1809). 

1789. 
Tariff  on  lead  fixed  at  Ic.  per  lb. 

1795. 

Discovery  of  the  Mine  ^  Lanye,  about  16  miles  S£.  of  Potosi,  Mo. 

1799. 

Discovery  o  the  Mine  k  Maneto,  on  Big  river,  St.  Francois  county.  Mo.;  also 
Mine  La  Platte,  about  two  miles  from  Big  river,  near  the  S£.  comer  of  Wash- 
ington county. 

Arrival  in  Missouri  of  Moses  Austin  from  WytheviUe,  Va, ;  improvement  of 
smelting  methods,  erection  of  shot-tower,  and  works  for  manufacture  of  sheet-lead. 

1801. 
Discovery  of  Mine  d,  Joe,  later  called  the  Bogy  Mine,  on  Big  river,  St.  Fran- 
cois county.  Mo. 

1803. 

Discovery  of  Mine  H  Martin  near  Potosi,  and  several  other  deposits  in  Wash- 
ington county.  Mo. 

Louisiana  purchased  by  the  United  States.  Most  of  the  French  and  Spanish 
concessions,  when  they  had  been  continuously  occupied,  were  confirmed  by  a 
commission. 

1806. 

Discovery  of  New  Diggings,  near  Potosi,  Mo.,  which  for  a  few  years  produced 
about  1,000  tons  of  galena  per  annum. 

Discovery  of  mines  at  Hazel  Bun,  about  five  miles  N£.  of  Bonne  Terre,  St. 
Francois  county.  Mo.,  which  are  said  to  have  yielded  500  tons  of  lead  in  the 
first  year. 

1807. 

Act  of  Congress  reserving  all  lead-lands  in  territory  of  Louisiana  and  author- 
izing the  Governor  to  grant  three-year  leases  to  discoverers  at  royalty  of  10  per 
cent,  of  the  product.     (American  Slate  Papers,  2d  ed.,  IV.,  pp.  526,  555. ) 

[3] 


982      OHRONOLOQY   OF   LBAD-HININO   IN   THB   UNITED   STATES. 

1811. 

DiflCOYeiy  of  Shibboleth  mines,  near  Cadet,  Washington  county,  Mo.,  which 

in  the  first  jear  are  said  to  have  yielded  2,500  tons  of  ore,  eqniyalent  to  1,56S 

tons  of  lead. 

1812. 

Tariff  on  lead  raised  from  Ic.  to  2c  per  lb. 

1814. 
The  Fourche  Ik  Courtois  mines,  at  Palmer,  Washington  county.  Mo.,  were  dis- 
covered. 

1816. 

Tariff  on  lead  fixed  at  Ic  per  lb. 

1820. 
Lead-ore  worked  at  Ellenville,  N.  Y.,  but  with  little  success.    Several  veins 
worked  there  about  1854  and  two  Scotch  hearths  erected. 

1821. 
Attention  attracted  by  explorers  to  the  Wisconsin  lead-region. 

1824. 
Import  duty  on  lead  raised  from  Ic.  to  2c.  per  lb. 

1824. 
Discovery  of  Sandy  mines,  near  Hillborough,  Jefferson  county,  Mo.,  which 
soon  became  large  producers. 

Joseph  Schutz  discovered  the  Valle  mines,  seven  miles  north  of  Bonne  Terre, 
St  Francis  county,  Mo. 

1825. 
fiisch's  mine,  near  the  Valle  mines,  was  discovered. 

1826. 
Development  of  Eaton   mine,  near  Madison,  Carroll  county,  N.  H.    Vein 
leanly  mineralized  with  blende  and  argentiferous  galena. 

1828. 
Tariff  on  lead  raised  from  2c,  to  3c  per  lb. 

1830. 
Oolconda  mine  in  Franklin  county.  Mo.,  discovered. 

1832. 
Discovery  of  small  veins  of  lead-ore  near  Lubec,  Me.,  and  beginning  of  devel- 
opment ;  results  never  successful. 

Final  withdrawal  of  the  Indians  from  Wisconsin. 

1834. 
Discovery  of  Virginia  mine,  near  St.  Clair,  Franklin  county.  Mo.,  extensive 
developments  being  immediately  undertaken.     Smelting  begun  in  1835. 

In  consequence  of  the  large  number  of  illegal  entries,  the  miners  and  smelters 
of  Missouri  refused  to  pay  royalties  and  the  Government  was  unable  to  collect. 
(J.  D.  Whitney,  MetaUie  Wealth  o/  the  UniUd  StaUs,  p.  405.) 
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1835. 
Operation  of  lead -mines  at  Bowiei  N.  Y.;  continued  until  1840. 

1836. 

Diflcoverj  of  Washingtoni  known  later  as  Silver  Hill,  mine  in  Davidson  county, 
N.  C     Worked  almost  uninterruptedly  until  1852.     Beopened  in  1855. 

Erection  at  Webster,  Washington  county,  Mo.,  of  first  Scotch  hearth  furnace 
in  Missouri.    (G.  C.  Swallow,  lUport  of  C^eoloffical  Survey  of  MisBOuri,  II.,  59. ) 

1837. 
Beed  and  HoflFman  erected  works  for  manufacture  of  white  lead  at  St  Louis. 
Other  works  were  erected  soon  afterward  at  the  same  place. 
Operation  of  vein  of  lead-ore  near  Bedbridge,  N.  Y. 

1838. 
Value  of  cemssite  ore,  "dry  bone,''  first  recognized  in  Missouri,  leading  to 
the  erection  of  new  furnaces  and  an  increase  of  product     (James  £.  Mills, 
QeotoffiooU  Bepart  on  the  Mine  la  Matte  Estate,  p.  47. ) 

1839. 
Discovery  of  lead-ore  at  Bosiclare,  Hardin  county.  111. 

1846. 
Operation  of  lead-mine  near  Shelburne,  Coos  county,  N.  H. 
TariflF  on  lead  reduced  to  20  per  cent  ad  valorem. 

1847. 
Congress  decided  to  sell  the  National  lead-lands  in  the  Mississippi  valley. 

1848. 
The  Avon  mines,  Ste.  Genevieve  county,  Mo.,  produced  eight  tons  of  lead. 
Mining  of  lead-ore  begun  two  miles  east  of  Joplin,  Mo.,  by  William  Tingle. 

1860. 
Mining  done  on  small  scale  near  Phcenixville,  Chester  county.  Pa. 
Mining  begun  near  Oranby,  Newton  county.  Mo.,  in  which  vicinity  operations 
were  well  under  way  by  1857  and  a  large  output  was  being  made. 

The  air-  or  Drummond,  furnace  was  first  tried  for  lead-smelting  in  Newton 

county,  Mo. 

1851. 

Mining  begun  on  Center  creek,  near  what  was  later  called  Minersville,  now 
Oronogo,  near  Joplin,  Mo. 

Erection  of  first  Scotch  hearth  furnace  in  southwestern  Missouri,  located  near 
mouth  of  Cedar  creek,  Newton  county. 

Lead-smelting  furnace  erected  on  West  Sugar  Loaf  creek,  Ark.,  this  being  the 
first  in  that  State. 

1852. 

Besumption  of  mining  at  Bossie,  N.  Y. 

1853. 
Besumption  of  mining  at  Ancram,  Columbia  county,  N.  Y. 

1855. 
The  Mowry  mine,  south  of  Tucson,  Ariz.,  purchased  by  Major  Ewell  and  others. 
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1857. 
Tariff  on  lead  reduced  to  15  per  cent,  ad  valorem. 

EBtablishment  of  town  of  Granbyi  Mo.,  and  erection  of  furnaces  by  Peter  K 
Blow  and  Ferdinand  Eennett. 

1858. 
Discovery  of  rich  vein  of  lead-ore  at  Gujmard,  N.  Y.;  operated  until  1868  and 
later. 

The  Mowry  mine  passed  into  the  hands  of  Lieut  Sylvester  Mowry,  who  from 
this  date  until  1862  operated  it  on  a  considerable  scale.  This  appears  to  be  the 
first  silver-lead  mine  west  of  the  Rocky  mountains  to  have  been  operated  in  an 
extensive  way.  The  Confederate  army  is  reported  to  have  been  supplied  with 
some  lead  from  this  source. 

1859. 
Discovery  of  mines  at  Georgetown,  Colo. 

1861. 
Tariff  on  lead  raised  to  Ic  per  lb.,  and  later  in  the  year  to  1.5c.  per  lb. 
Mine  la  Motte  furnaces  destroyed  by  United  States  Government,  but  soon  rebuilt 

1862. 
Plant  of  the  Mowry  mine,  Arizona,  destroyed  by  Federal  troops. 

1863. 
First  discoveries  of  argentiferous  lead-ore  in  Little  Cottonwood  cafion,  Utah. 
Discovery  of  the  Jordan  mine,  Bingham  cafion,  Utah. 

Discovery  of  silver- lead  mines  at  Castle  Dome,  Ariz.,  which,  on  account  of 
Indian  hostilities,  were  not  actively  worked  until  1869. 

1864. 

First  locations  at  Eureka,  Nev.,  but  no  important  developments  were  made 
until  1869,  in  which  year  the  great  silver-lead  deposits  were  opened. 

Organization  of  St.  Joseph  Lead  Co.,  which  purchased  La  Grave  mines  at 
Bonne  Terre,  Mo.     Active  operations  begun  in  1865. 

Tariff  on  lead  raised  to  2c  per  lb. 

1865. 

Organization  of  Granby  Mining  A  Smelting  Co.  to  work  the  mines  at 
Granby,  Mo. 

Erection  and  operation  of  smelting-works  at  Argenta,  Mont.;  commonly 
credited  as  the  beginning  of  silver-lead  smelting  in  the  United  States. 

1866. 
Establishment  of  the  Selby  smelting-  and  refining-works  at  San  Francisco,  Cal. 

1867. 
Discovery  of  silver-lead  ore  in  the  Magdalena  mountains,  N.  M. 
Discovery  of  rich  deposits  of  silver-ore  at  White  Pine,  Nev. ;  these  were  the 
first  large  bodies  of  silver-ore  found  in  a  limestone  formation  in  the  United 
States,  and  the  information  gained  from  them  led  directly  to  the  discovery  of  the 
silver-lead  deposits  of  Eureka  soon  afterward. 
Smelting  begun  at  Oreana,  Nev. 

1868. 
The  Emma  mine,  Little  Cottonwood,  Utah,  was  located  in  August  of  this  year, 
but  no  large  shipments  were  made  until  July,  1870. 
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1869. 

The  junction  of  the  Union  Pacific  and  Central  Pacific  tracks  was  made  at 
Promontory,  Utah,  Maj  10,  1869.  The  Utah  Central  railway  was  completed  to 
Salt  Lake  City  in  December,  1869.  The  completion  of  the  Pacific  railways 
greatly  stimulated  prospecting  along  their  lines,  making  available  to  market  the 
lead  in  ores  previously  discovered  in  Utah  and  Nevada. 

Development  of  silver-lead  mines  at  Cerro  Gordo,  Cal. 

Inauguration  of  diamond-drill  prospecting  by  St.  Joseph  Lead  Co.  at  Bonne 
Terre,  Mo.,  and  discovery  of  disseminated  ore  at  depth  of  120  ft. 

The  important  silver-lead  deposits  of  Eureka,  Nev.,  began  to  be  productive. 
The  American  practice  of  silvei^lead  smelting  has  been  developed  chiefly  from 
the  methods  introduced  in  this  district. 

1870. 

First  important  developments  in  the  districts  of  Big  and  Little  Cotton  woods, 
Bingham  cafion,  Stockton  and  Tintic,  Utah. 

The  Miller  mine  in  American  Fork  cafion  wss  discovered,  but  was  not  worked 
extensively  until  1871. 

Construction  of  narrow-gauge  railway-system  in  Colorado  begun  by  Denver  & 
Bio  Grande  Kailway  Co. 

Discovery  of  lead-mines  at  Bosita,  Colo. 

The  mines  of  Eureka,  Nev.,  become  large  producers. 

Beginning  of  shipments  from  the  great  Emma  deposit.  Little  Cottonwood 
cafion,  Utah.  This  was  the  principal  source  of  lead  in  Utah  up  to  1875,  when 
the  deposit  was  exhausted. 

Invention  of  the  siphon  tap  for  lead  blast-furnaces  by  Albert  Arents,  and  its 
application  at  Eureka,  Nev. 

Erection  of  lead-smelting  works  at  Omaha,  Neb. 

Discovery  of  lead-ore  in  large  quantity  at  Joplio,  Mo.,  followed  by  the  rapid 
development  of  that  district. 

1871. 

The  mines  of  Big  and  Little  Cottonwood,  Utah,  made  large  shipments. 

Discovery  of  silver-lead  ore  in  Parley's  Park  district,  now  Park  City,  Utah. 

Chicago  an  important  smelting  and  refining  center. 

1872. 

The  Ontario  vein.  Park  City,  Utah,  was  located  June  19. 

Discovery  of  silver-ore  at  Georgetown,  N.  M. 

Refining  of  lead  begun  at  the  G^rmania  works.  Salt  Lake  City,  Utah. 

E.  Daggett  installed  cast-iron  water-jackets  at  the  Winnamuck  smelting-works, 
Utah,  these  being  the  first  water-jackets  in  Nevada-Utah  smelting  practice  and 
the  first  cast-iron  jackets  employed  anywhere. 

Discovery  of  lead-ore  in  Cherokee  county,  Kan. 

Tariff  on  lead  reduced  to  1.8c.  per  lb. 

1873. 
Discovery  of  silver-lead  mines  in  Wood  river  district  of  Idaho. 
The  United  States,  by  Act  of  Congress,  Feb.  12,  discontinued  the  coinage  of 
silver  dollars.  This  Act  did  not  demonetize  silver  in  words,  although  it  did  so 
in  effect.  The  silver  dollar  was  not  named  in  it.  Precisely  what  the  Act  did 
was  to  authorize  the  coinage  of  silver  half-dollars,  quarter-dollars  and  dimes  be- 
low standard  weight,  and  of  a  new  silver  coin  for  Asiatic  commerce,  of  standard 
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weight,  to  be  called  the  ^'  trade  dollar,"  and  to  prohibit  these  coins  from  being 
legal  tender  for  more  than  five  dollars  in  any  one  payment  The  German  Goy- 
emmenti  bj  Act  of  July  9,  provided  for  the  retirement  of  its  silver  coins  and 
the  sale  of  the  bullion.  By  a  Treasury  order,  Sept.  6,  France  limited  the  amount 
of  silver  to  be  accepted  by  its  mint  These  actions,  which  were  soon  afterward 
followed  by  similar  ones  in  other  countries,  were  closely  involved  with  the  silver 
question,  and  the  decline  in  the  value  of  silver,  which  began  at  this  time,  culmi- 
nating in  the  crisis  following  the  dosing  of  the  Indian  mints  to  the  private  coin- 
age of  rupees,  June  26, 1893,  had  a  powerful  effect  on  the  silvei^lead  industry. 

1874. 

Early  in  this  year,  argentiferous  lead-carbonate  ore  was  found  on  Iron  Hill, 
Leadville,  Colo.,  and  the  Lime  and  Rock  claims  were  located. 

Discovery  of  silveivlead  ore  at  Darwin,  Inyo  county,  Cal. 

Installation  of  dust-chambers  at  several  Western  lead-smelting  works  and 
adoption  of  methods  for  further  treatment  of  matte. 

1876. 
Discovery  of  Horn  Silver  mine,  Frisco,  Utah. 
Mining  was  begun  at  Webb  City,  Mo. 
Tariff  on  lead  raised  to  2c.  per  lb. 

1876. 
First  shipments  from  Leadville,  Colo. 
Mining  was  begun  at  Carterville,  Mo. 

Investigations  by  Anton  Filers  and  others  determined  the  correct  principles  in 
preparing  charges  of  ore  for  smelting,  a  development  of  great  economic  impor- 
tance. 

1877. 
The  Bassick  mine,  near  Silver  Cliff,  Colo.,  began  to  show  evidence  of  value. 
First  smelting-works  erected  at  Leadville,  Colo. 

1878. 

Discovery  of  the  silver-lead  deposits  of  Sierra  Mojada,  Coahuila,  Mexico. 

Great  excitement  at  Leadville,  Colo.,  where  many  new  discoveries  were  made. 
The  output  of  ore  began  to  be  large. 

Mines  of  Hecla  Consolidated  Mining  Co.,  at  Glendale,  Mont.,  became  productive. 

Discovery  of  lead-carbonate  ore  in  the  eastern  part  of  Gunnison  county,  Colo* 

Blast-furnaces  substituted  for  reverberatory  at  works  of  St.  Joseph  Lead  Co. 

The  American  Pig  Lead  Association,  an  alliance  of  the  principal  lead-miners 
and  lead-smelters  of  the  United  States,  was  formed  to  maintain  the  price  of  lead 
at  minimum  of  4c.  per  lb.     The  attempt  failed. 

Introduction  of  Lewis  &  Bartlett  process  at  Lone  Elm  smeltery,  Joplin,  Ma; 
this  was  the  first  application  of  cloth-filtration  of  fume  in  the  metallurgy  of  lead. 

Desloge  mill  and  furnace,  adjacent  to  works  of  St  Joseph  Lead  Co.,  Bonne 
Terre,  Mo.,  put  in  operation. 

First  location  made  at  Tombstone,  Ariz. 

1879. 
First  important  discoveries  in  the  Wood  river  district  of  Idaho.    Ore  had  been 
known  to  exist  in  this  district  since  1873,  but  developments  were  checked  by  In- 
dian troubles  and  not  actually  begun  until  1880.    The  district  became  productive 
in  1881,  making  the  first  important  output  of  lead  in  Idaho. 
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Discovery  of  lead-carbonate  ore  at  Bico,  Colo. ;  also  at  Bed  Cliff,  Colo.,  and  at 
Kokomo,  Colo.    Considerable  excitement  in  the  Qunnison  country,  Colo. 

Discovery  of  promising  deposits  of  silver-ore  at  Aspen,  Colo.,  and  in  the  San 
Juan  region  in  the  southwestern  part  of  the  same  State. 

Lead-mines  discovered  at  Barker,  Meagher  county,  Mont. 

1880. 

Completion  of  the  Southern  Pacific  railway  through  Arizona. 

The  Denver  &  Bio  Grande  railway  reached  Leadville,  Colo. 

Discovery  of  Silver  Valley  mine,  Davidson  county,  N.  C. 

Strike  of  miners  at  Leadville,  Colo. 

Discovery  of  lead-ore  at  Bobinson  and  Kokomo,  Colo. 

Excitement  in  the  Gunnison  district  of  Colorado,  which  did  not,  however,  ma- 
terialize into  developments  of  great  importance. 

St.  Louis  &  San  Francisco,  Missouri  Pacific,  and  Kansas  City,  Fort  Scott  & 
Memphis  railways  extended  into  Joplin  district,  Mo. 

1881. 
Establishment  of  smeltery  at  Socorro,  N.  M.,  for  treatment  of  ores  of  Socorro 
and  Magdalena. 

1882. 
Discovery  of  the  Viola  mine  at  Nicholia,  Idaho. 
Bed  Cliff,  Colo.,  began  to  make  a  considerable  output 

1883. 

Maximum  output  of  Leadville,  Colo. 

Monarch  district,  Colo.,  began  to  be  large  producer  of  lead,  output  attaining 
maximum  in  1885. 

Destruction  by  fire  of  mill  and  mine  buildings  of  St.  Joseph  Lead  Co.,  at  Bonne 
Terre,  Mo. ;  replaced  immediately  by  large  and  improved  works. 

The  Viola  mine,  at  Nicholia,  Lemhi  county,  Idaho,  began  to  be  productive. 

Tariff  on  lead  continued  at  2c.  per  lb. 

1884. 

Aspen,  Colo.,  began  to  produce  a  considerable  quantity  of  lead-ore. 

The  Neihart  district  of  Montana  began  to  attain  prominence. 

Opening  of  extensive  bodies  of  lead-carbonate  ore  at  Cook's  Peak,  Grant 
county,  N.  M. 

First  discoveries  in  the  Cceur  d' Alene  district,  Idaho. 

Destruction  by  fire  of  works  of  Desloge  mine,  at  Bonne  Terre,  Mo.,  and  pur- 
chase of  mine  by  St.  Joseph  Lead  Co. 

1886. 

Mines  at  Aurora,  Lawrence  county,  Mo. ,  began  to  be  developed. 

Discovery  of  Wardner  district  on  the  South  fork  of  the  Coeur  d' Alene  river, 
Idaho. 

First  production  of  lead-ore  in  the  Coeur  d' Alene  district,  Idaho. 

Mexican  lead-ore,  especially  from  Sierra  Mojada,  began  to  be  imported  into 
the  United  States  in  important  quantity. 

1887. 
Opening  of  Doe  Bun  mine,  near  Farmington,  Mo. 

Contest  between  local  and  valley  smelters  in  the  market  for  Leadville  ore,  with 
advantage  in  favor  of  latter,  owing  to  railway  discriminations. 
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1888. 
Attempted  corner  in  the  lead  market,  leading  temporarily  to  high  prices,  but 
resulting  finally  in  the  failure  of  Corwith,  the  chief  speculator. 

1890. 
Establishment  of  the  silver-lead  smelting-industrj  in  Mexico,  the  rapid  devel- 
opment of  which  greatly  reduced  the  supply  of  Mexican  ore  available  for  reduc- 
tion by  American  smelters. 
Development  of  disseminated  ore  at  Flat  river,  Mo. 

Tariff  on  lead  continued  at  2c.  per  lb.,  and  lead  in  ore  made  dutiable  at  rate 
of  1.5c.  per  lb. 

1890. 

Completion  of  Mississippi  River  &  Bonne  Terre  railway  and  removal  by  St 
Joseph  Lead  Co.  of  its  smelting-fumaces  from  Bonne  Terre  to  Herculaneum. 

Completion  of  Northern  Pacific  and  Oregon  Railway  &  Navigation  Co.'s  tracks 
into  the  Coeur  d' Alene  district. 

1891. 

Discovery  of  silver-lead  ore  at  Creede,  Colo. 

Incorporation  of  the  National  Lead  Co.,  this  concern  succeeding  the  National 
Lead  Trust,  organized  a  few  years  previously. 

1892. 

Development  of  large  bodies  of  silver-lead  ore  at  Cook's  Peak,  N.  M.,  and 
heavy  shipments  from  that  point. 

The  Maid  of  £rin  mine,  Leadville,  Colo.,  shipped  its  last  lot  of  lead-carbonate 
ore  in  December,  exhausting  its  great  deposit  and  practically  marking  the  end  of 
the  production  of  this  class  of  ore  at  Leadville. 

Strike  of  miners  in  the  Cceur  d'  Alene  district  on  account  of  redaction  in  wages. 

Invention  of  the  Howard  skimmer  for  handling  zinc  crust,  which  was  one  of  the 
most  important  of  the  mechanical  improvements  in  the  Parkes  process  of  desil- 
verization.  First  put  into  practical  use  at  the  works  of  the  Pueblo  Smelting  A 
Refining  Co.,  Pueblo,  Colo.    The  Howard  press  was  invented  a  little  later. 

1893. 

The  report  of  the  Herschell  committee,  closing  the  Indian  mints  to  the  private 
coinage  of  rupees,  was  published  June  26,  causing  a  decline  in  the  price  of  sU^er 
from  81c.  to  62c.  per  oz.,  and  contributing  to  the  industrial  panic  which  occurred 
this  year,  leading  among  other  things  to  the  suspension  of  operations  in  many 
silver-lead  producing  districts  of  the  United  States. 

All  of  the  mines  in  the  Coeur  d' Alene  closed  temporarily  on  account  of  low 
prices  for  lead  and  silver. 

Ail  of  the  smelters  at  Leadville  suspended  operations  in  the  autumn,  only  two 
of  them  subsequently  resuming. 

Importations  of  small  amounts  of  lead-ore  from  British  Columbia. 

1894. 
Second  strike  of  miners  in  the  Coeur  d*Alene. 

Tariff  on  pig-lead  reduced  to  Ic.  per  lb.,  and  on  lead-ore  to  0.75c.  per  lb. 
Formation  of  association  of  the  principal  smelters  of  Colorado  to  limit  prices 
to  be  paid  for  ores.    The  combination  went  to  pieces  early  in  1895  and  sharp 
competition  was  again  inaugurated. 
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1896. 

Fint  patent  secured  on  the  Huntington-Heberlein  process,  a  far-reaching  and 
revolutionary  improTement  in  the  metallurgy  of  lead  The  process  was  developed 
at  Pertusola,  Italy,  by  Thomas  Huntington,  an  American  citizen,  and  Ferdinand 
Heberlein,  a  German. 

Strike  of  miners  at  Leadville,  Colo.,  which  practically  stopped  all  production 
during  the  last  six  months  of  the  year. 

In  August  of  this  year  the  price  for  lead  fell  to  the  lowest  point  on  record  in 
the  United  States,  2.60c.  per  lb.,  New  York,  having  been  accepted  for  several  lots. 
The  average  for  August  was  2.73c.,  and  for  the  year,  2.98c.  The  lowest  price 
at  St  Louis  was  2.43c. 

1897. 

Tariff  on  pig-lead  raised  to  2ic.  per  lb.,  and  on  lead  in  ore  to  1.5c.  per  lb. 
(Dingley  bill. ) 

The  old  works  of  the  St.  Louis  Smelting  <&  Refining  Go.  at  St.  Louis,  which 
had  been  idle  for  a  long  time,  were  again  put  in  operation  to  smelt  ores  for  south- 
eastern Missouri  and  the  Joplin  district.  From  this  time  St.  Louis  increased 
rapidly  in  importance  as  a  center  of  lead  production. 

1898. 

Organization  of  Empire  State-Idaho  Mining  &  Development  Co.,  the  begin- 
ning of  consolidations  in  the  Coeur  d'Alene. 

The  St.  Louis  Smelting  &  Befining  Co.,  a  constituent  of  the  National  Lead 
Co.,  acquired  property  in  the  disseminated  district  of  Missouri  and  began  its  de- 
velopment, leading  to  a  large  production  of  lead  in  the  course  of  a  few  years. 

1899. 

Organization  of  the  American  Smelting  &  Befining  Co.,  which  acquired  a 
large  number  of  the  silver-lead  smelting-  and  refining-works  of  the  United 
States.     Several  of  these  were  promptly  dismantled. 

Third  general  strike  of  miners  in  the  Coeur  d' Alene,  dynamiting  of  the  Bunker 
Hill  &  Sullivan  mill,  April  29,  proclamation  of  martial  law,  and  final  reopening 
of  the  mines  on  a  non-union  basis. 

Entrance  of  the  Guggenheims,  under  the  name  of  the  Federal  Lead  Co.,  into 
the  disseminated  district  of  southeastern  Missouri. 

Strike  of  smelter  workmen  in  Colorado  early  in  June  hindered  operations  for 
many  weeks. 

Great  increase  in  use  of  lead  for  electrical  purposes  (covering  cables,  etc.). 

1900. 

Organization  of  Guggenheim  Exploration  Co. ,  which  acquired,  among  other 

property,  the  capital  stock  of  the  Federal  Lead  Co.  and  of  the  Missouri  Smelting 

Co. 

1901. 

Absorption  by  the  American  Smelting  &  Befining  Co.  of  the  smelting  inter- 
ests of  M.  Guggenheim's  Sons,  the  latter  becoming,  however,  the  dominating 
factor  in  the  amalgamated  company. 

The  American  Smelting  &  Befining  Co.  assumed  control  of  the  lead  market, 
fixing  the  price  both  for  producers  and  consumers,  and  regulating  the  output  by 
agreement  with  the  large  producers  and  by  adjustment  of  its  smelting-charges  in 
connection  with  small  producers.  A  very  large  accumulation  in  the  stock  of  lead 
on  hand  occurred  this  year,  which,  however,  was  successfully  disposed  of  in  1902 
and  1903. 
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1902. 

Betts's  electrolytic  lead-refiniDg  process  installed  at  Trail,  B.  C;  the  first  elec- 
trolytic lead-refinery  to  be  put  in  practical  operation. 

Strike  of  miners  at  Flat  river,  soatheastem  Missouri. 

Output  of  Coeur  d'Alene  district,  Idaho,  limited  by  arrangement  between  the 
leading  producers  and  the  American  Smelting  &  Refining  Co. 

The  American  Smelting  &  Kefining  Co.  put  the  marketing  of  its  lead  on  a 
contract  basis,  filling  orders  for  prompt  shipment  only  at  a  premium  of  2.5c  per 
100  lb.,  this  being  done  to  induce  consumers  to  cover  their  requirements  ahead 
and  carry  the  stocks  that  formerly  the  smelter  often  had  to  carry. 

Further  steps  were  taken  by  the  American  Smelting  &  Befining  Co.  to  cen- 
tralize its  smelting- operations,  the  Philadelphia  plant,  at  Pueblo,  Colo.,  being 
closed,  and  the  famous  old  smeltery  and  refinery  at  Kansas  City  being  abandoned 
and  soon  afterwards  dismantled. 

1903. 

Consolidation  of  many  of  the  large  mines  of  the  Coeur  d'Alene  by  the  Federal 
Mining  &  Smelting  Co. 

Organization  of  the  United  Lead  Co.,  which  secured  control  of  nearly  all  the 
manufacturing  plants  making  sheet-lead,  pipe  and  shot,  21  in  number,  together 
with  a  few  white-lead  works. 

Western  Mining  Co.  organized  as  a  subsidiary  company  of  the  Guggenheim  Ex- 
ploration Co.,  acquiring  several  of  the  principal  lead-producing  mines  at  Lead- 
ville,  Colo. 

In  July  there  was  a  strike  of  the  smelter-men  at  the  Grant  works  of  the  Ameri- 
can Smelting  &  Befiniog  Co.,  and  the  plant  was  closed  by  the  company  and 
abandoned. 

1904. 

Termination  of  miners*  strike  in  southeastern  Missouri.  The  labor  troubles  in 
this  district  had  been  a  festering  sore  for  two  or  three  years. 

1905. 

Adoption  of  the  Huntington-Heberlein  process  by  the  American  Smelting  & 
Befining  Co.  It  had  previously  been  introduced  in  Italy,  Germany,  Spain,  Great 
Britain,  New  South  Wales,  Tasmania,  Mexico  and  British  Columbia. 

Bedirection  of  attention  to  many  of  the  old  mining  districts,  including  Cerro 
Gordo,  CaL,  and  Eureka,  Nev.  Consolidation  of  Eureka  and  Bichmond  com- 
panies. 

Purchase  of  the  Selby  works,  at  San  Francisco,  by  the  American  Smelters  Se- 
curities Co.,  a  sub-company  of  the  American  Smelting  &  Befining  Co. 

Organization  of  the  United  States  Smelting,  Befining  &  Mining  Co.,  taking 
over  several  independent  works,  with  plans  to  enter  into  competition  with  the 
American  Smelting  &  Befining  Co. 

1906. 

Beopeningof  many  old  silver-lead  mining  districts,  idle  for  from  10  to  ^  years 
previous,  including  Eureka,  Nev.,  and  Cerro  Gordo,  Cal. 

The  United  States  Smelting,  Befining  A  Mining  Co.  erected  an  electrolytic 
lead-refinery  near  Chicago,  IlL,  this  being  the  first  works  of  this  kind  in  the 
United  States. 

The  Guggenheim  interests  practically  secured  control  of  the  National  Lead 
Co.,  thus  bringing  the  major  part  of  the  lead-consuming  industry  of  the  United 
States  into  direct  afiiliation  with  the  American  Smelting  &  Befining  Co. 
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The  Electric-Air  Drill. 

BY  WILLIAM  L.  SAUNDERS,  NEW  YORK,  N.  Y. 
(Toronto  Meeting,  Joly,  1907.) 

Many  members  of  the  Institute,  who  participated  in  the  visit 
made,  during  the  Bethlehem  meeting  of  February,  1906,  to  the 
shops  of  the  IngersoU-Rand  Company,  at  Phillipsburg,  N.  J., 
inspected  with  interest  the  new  Electric- Air  drill,  which  the 
company  had  set  up  for  the  purpose  of  showing  it  in  actual 
operation  to  American  mining  engineers.  At  the  request  of 
the  Secretary  of  the  Institute,  I  promised  at  that  time  to  pre- 
pare a  paper  for  our  Transactions,  describing  the  construction 
and  advantages  of  the  machine.  But  such  a  paper  would  then 
necessarily  have  contained  much  that  was  only  expected  or 
claimed  by  the  designers  and  manufacturers  of  the  drill,  and 
not  yet  incontrovertibly  proved  by  varied  and  long-continued 
practice.  However  moderate  such  statements  might  have 
been,  they  would  have  given  inevitably  to  the  paper,  to  some 
extent  at  least,  the  air  of  a  prospectus,  rather  than  of  a  technical 
contribution.  I  therefore  decided,  with  the  Secretary's  approval, 
to  postpone  the  writing  of  the  promised  paper  until  it  could  set 
forth  the  results  of  adequate  actual  practice,  as  well  as  the 
latest  details  of  construction,  etc.,  based  upon  practical  experi- 
ence. That  period  has  now  arrived.  The  Electric-Air  drill 
has  been  exhaustively  tested  in  the  field,  under  varied  and  ar- 
duous conditions  and  upon  the  hardest  rocks.  It  is  now  fairly 
in  the  field ;  its  merits  and  performances  are  matters  of  unim- 
peachable record,  and  its  place  among  established  competitors 
can  be  definitely  determined. 

As  a  representative  of  the  Ingersoll-Rand  Co.,  as  well  as  a 
member  of  the  Institute,  I  may  be  permitted  to  add  that  my 
company,  being  largely  interested  in  the  manufacture  of  air- 
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compressors  and  machinery  driven  by  compressed  air,  has  no 
desire  to  injure  its  own  business  by  claiming  for  this  new  ma- 
chine that  it  should  immediately  supersede  all  existing  applica- 
tions of  pneumatic  transmission  of  power  for  drilling.  On  the 
other  hand,  if  we  had  not  satisfied  ourselves  that  it  has  proved 
itself  the  best  for  given  conditions,  the  company  would  not 
have  risked  its  reputation  by  introducing  it,  and  I,  as  a  member 
of  the  Institute,  would  not  have  written  this  paper. 

In  former  contributions,*  I  have  discussed  the  use  of  com- 
pressed air,  and  opposed,  to  some  extent,  the  claims  of  the  ad- 
vocates of  electrical  power-transmission  in  mining.  I  need  not 
now  retract  any  opinion  thus  declared.  Many  features  of  elec- 
trical transmission  are  undoubtedly  convenient  and  economical; 
but  the  direct  application  of  the  electric  current  in  rock-drill- 
ing has  long  been  a  baffling  problem ;  of  which,  in  my  judg- 
ment, the  machine  here  described  has  furnished  the  first,  and 
thus  far  the  only,  satisfactory  solution,  by  combining  the  ac- 
knowledged advantages  of  air-driven  percussion  with  the  ac- 
knowledged advantages  of  electric  power-transmission,  while 
avoiding  the  acknowledged  disadvantages  of  both  systems. 

This  drill  is  correctly  designated ;  it  is  not  an  electric  drill, 
but  more  completely  an  air-drill  than  any  other  in  existence, 
because  it  can  be  driven  by  air  only  and  not,  like  other  air-drills, 
by  steam  also.  Yet,  while  it  is  thus  distinctly  air-operated,  the 
power-transmission  is  electric,  and  the  sole  connection  of  the 
drill  with  the  power-house  is  made  by  the  electric  wire,  air- 
compressors  and  pipe-lines  being  entirely  superseded. 

Fig.  1  gives  a  general  idea  of  the  apparatus.  It  shows  a 
rock-drill,  resembling,  at  first  glance,  the  familiar  air-  or  steam- 
driven  drill,  mounted  in  the  usual  way,  and  doing  the  same 
kind  of  work.  Very  near  the  drill,  and  connected  to  it  by  two 
short  lengths  of  hose,  is  a  small  air-compressor,  or,  more  prop- 
erly, a  pulsator,  mounted  upon  a  little  truck.  This  constitutes 
the  entire  apparatus  of  a  single  drill.  Each  drill  is  accom- 
panied by  its  individual  pulsator,  and  each  pulsator  is  connected 
to  the  line  of  wire  from  the  power-house. 

The  usual  drill-shell  is  employed,  and  may  be  mounted  upon 
tripod,  bar  or  column,  according  to   the  work.     The  drill- 

1  Trans.,  xrxiv.,  918,  954. 
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cylinder,  fitted  to  slide  in  the  shell,  is  moved  forward  or  back- 
ward by  the  feed-screw.     The  cylinder  is  as  simple  as  can  be 
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imagined ;  a  straight  bore,  having  at  each  end  a  large  opening, 
and  a  boss  to  which  the  hose  is  attached.     The  piston  also  is 
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plaiD,  much  shortened  in  the  body,  with  a  large  piston-rod, 
which  has  a  long  bearing  in  a  sleeve-elongation  of  the  cylinder. 

Upon  the  truck  is  mounted  an  electric  motor,  geared  to  a 
horizontal  shaft,  with  cranks  on  each  end,  which  drive  two 
single-acting  trunk-pistons  making  alternate  strokes  in  vertical 
air-cylinders.  One  of  these  air-cylinders  is  connected  by  the 
hose  to  one  end  of  the  drill-cylinder  and  the  other  end  of  the 
drill-cylinder  is  connected  by  the  other  hose  to  the  other  air- 
cylinder.  The  air,  therefore,  in  either  air-cylinder,  in  its  hose 
and  in  the  end  of  the  drill-cylinder  to  which  it  is  connected, 
remains  there  constantly,  playing  back  and  forth  through  the 
hose  according  to  the  movements  of  the  parts,  being  never  dis- 
charged, and  only  replenished  from  time  to  time  to  make  up 
for  leakage.  The  propriety  of  calling  the  apparatus  a  pulsator 
instead  of  a  compressor  is  evident. 

The  essential  details  of  the  cycle  of  operation  will  be  easily 
understood.  We  may  assume,  to  begin  with,  that  the  entire 
system  is  filled  with  air  at  a  pressure  of  80  or  35  lb.  This 
pressure  being  alike  upon  both  sides  of  the  drill-piston,  it  will 
have  no  tendency  to  move  in  either  direction.  If,  now,  the 
motor,  instead  of  being  at  rest,  is  assumed  to  be  in  motion,  one 
pulsator-piston  will  be  rising  in  its  cylinder  and  the  other  piston 
will  be  descending  in  its  cylinder;  and,  as  a  consequence,  the 
pressure  upon  one  side  of  the  drill-piston  will  be  increased  and 
the  pressure  upon  the  other  side  will  be  proportionately  re- 
duced, this  difference  of  pressure  causing  the  drill-piston  to 
move  and  make  its  stroke.  Just  before  the  end  of  this  stroke, 
the  movement  of  the  pulsator-pistons  is  reversed,  and  the  pre- 
ponderance of  pressure  is  transferred  to  the  other  side  of  the 
piston,  causing  a  stroke  in  the  other  direction — and  so  on  con- 
tinuously. The  drill  thus  makes  a  double  stroke,  or  at  least 
receives  a  double  impulse,  for  each  revolution  of  the  pulsator 
crank-shaft. 

Having  thus  sketched  the  general  principle  of  operation,  I 
will  proceed  to  discuss  some  of  the  details.  The  drill-cylinder, 
shown  in  Fig.  2,  while  generally  similar  to  that  of  the  air-  or 
steam-drill,  is  in  many  respects  quite  different;  and  especially 
is  it  remarkable  for  its  simplicity.  The  usual  operating-valve- 
chest;  the  valve  and  the  complicated  means  for  operating  it; 
the  main  air-ports  and  the  intricate  little  passages  in  and  con- 
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nected  with  the  chest — are  all  absent,  and  nothing  takes  their 
place.  The  cylinder-heads  are  both  solid  and  both  fastened 
securely  in  place.  The  split  front-head,  the  yielding  fasten- 
ings for  both  heads,  the  buffers,  the  springs,  the  side-rods,  etc., 
of  other  drills,  have  all  been  banished.  The  cylinder  is  abso- 
lutely plain,  with  direct  openings  into  the  interior,  and  a  boss 
at  each  end  to  which  the  hose  is  attached. 


Fig.  2. — Section  op  Dbill. 

The  piston  also  has  been  simplified.  The  device  for  securing 
rotation  is  necessarily  retained;  but  the  enlargement  at  the 
end  of  the  piston-rod,  which  constituted  the  chuck  and  necessi- 
tated the  split  front-head,  has  been  discarded.  The  piston-rod 
is  much  enlarged  throughout,  and  a  simple  but  effective  self- 
tightening  chuck  is  slipped  upon  the  end  of  it. 
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The  compressor-  or  pulsator-cylinders  are  likewise  simple. 
There  are  no  valves  for  either  inlet  or  discharge,  and  there  is 
neither  jacketing  nor  the  slightest  need  of  it.  The  heating  of 
the  air  by  the  compression-stroke  is  compensated  by  the  cool- 
ing which  attends  the  re-expansion  of  the  same  air,  so  that  it 
does  not  become  increasingly  hot  and  heat  the  parts  of  the 
machine  with  which  it  comes  in  contact. 

While  this  apparatus,  as  a  whole,  may  appear  complicated 
at  first  glance,  it  is  really  a  great  advance  in  simplification. 
The  parts  which  it  eliminates  are  exactly  those  which  have  al- 
ways been  most  troublesome  and  expensive  to  maintain,  and 
both  the  drill  and  the  compressor  or  pulsator  are  the  simplest 
ever  built. 

There  are  some  minor  details  of  this  apparatus,  with  which 
it  is  not  necessary  to  burden  this  paper,  and  which  would  in- 
volve tedious  explanations  not  easily  understood  without  elab- 
orate drawings  or  models.  In  the  foregoing  description  of  the 
principle  of  operation  I  assumed  a  mean  air-pressure  of  about 
30  lb.  in  the  apparatus.  It  may  be  asked,  how  this  pressure 
is  secured  and  maintained.  When  the  pulsator  is  in  operation, 
the  air-pressure  in  the  cylinders  alternately  rises  above  and 
falls  considerably  below  the  mean.  At  a  certain  point,  indeed, 
it  is  below  that  of  the  atmosphere ;  and  at  this  point  a  little 
valve  is  provided,  which  admits  more  or  less  air,  until  a  suffi- 
ciency has  been  provided.  At  the  beginning  of  operation  the 
influx  of  air  is  rapid,  so  that  no  time  is  lost  in  getting  sufficient 
pressure  to  begin  with.  The  admission  of  air  and  also  the  ap- 
portionment of  relative  volumes  thereof  to  the  two  ends  of  the 
drill-cylinder  are  easily  adjusted  by  the  operator. 

The  Electric-Air  drill  is  not  troubled  by  the  freezing-up  or 
choking  of  the  exhaust,  because  there  is  no  exhaust.  More- 
over, the  air  does  not  accumulate  moisture,  and  the  tempera- 
ture does  not  fall  to  the  freezing-point.  Again,  air  becomes 
and  remains  a  constant  vehicle  for  the  conveyance  and  distribu- 
tion of  the  lubricant.  A  certain  amount  of  oil  being  con- 
tributed to  the  system  at  regular  intervals,  it  would  be  more 
difficult  to  prevent  than  to  insure  its  reaching  every  working- 
part. 

The  length  of  hose  employed  seems  to  be  limited  to  about 
8  ft.  on  each  side.  The  hose  may  be  attached  to  either  side  of 
the  drill,  but  each  always  to  its  own  end  of  the  cylinder.     This 
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length  of  hose  gives  all  necessary  liberty  for  the  location  of  the 
pulsator-truck  near  the  drill.  The  truck  (of  steel,  with  flanged 
wheels)  is  usually  made  for  the  standard  18-in.  mine-track,  but 
may  be  made  for  any  other  gauge.  Special  care  in  leveling  is 
not  necessary,  since  the  pulsator  will  work  at  any  angle  at 
which  the  truck  can  stand. 

Either  a  directs  or  an  alternating-current  motor  may  be  em- 
ployed, the  latter  being  preferred  because  it  is  a  smaller, 
lighter,  mechanically  simpler,  hardier  machine,  and  more 
nearly  <*  fool-proof."  Four  different  speeds  may  be  obtained 
with  the  direct-current,  and  two  with  the  alternating-current 
motor — in  the  latter  case,  full  speed  for  steady  running  and  a 
considerably  lower  speed  for  starting  a  hole  or  working  through 
bad  ground,  with  immediate  transition  from  the  one  speed  to 
the  other,  as  required.  The  controller  is  on  the  top  of  the 
motor  and  the  operator  at  the  drill  can  start,  speed  or  stop  the 
motor  by  simply  pulling  a  cord,  this  being  the  only  connection. 
The  electrical  connection  ends  at  the  motor ;  both  the  hose  and 
the  cord  insulate  the  drill ;  and  the  operator  is  never  exposed 
to  the  current. 

The  5-C  electric-air  drill  may  be  regarded  as  the  full  equiva- 
lent of  the  3.25-in.  standard  air-drill  of  any  make;  of  its  com- 
parative efliciency  something  will  be  said  later.  The  power- 
requirement  for  this  drill  is  from  18  to  20  amperes  at  220 
volts,  or  from  9  to  10  amperes  at  440  volts — the  electrical 
equivalent  of  about  5  h.p.  The  system  being  a  closed  circuit, 
this  is  independent  of  conditions  of  altitude,  which  make  so 
much  difference  with  the  work  of  the  air-compressor  which 
supplies  the  ordinary  air-drill. 

The  4-C  electric-air  drill  uses  a  3  h.p.  motor,  and  is  a  much 
lighter  drill  throughout,  equivalent  to  a  2.75-in.  standard  air- 
drill.  Table  I.  gives  particulars  of  size,  weight,  etc.,  of  both  of 
these  drills : 

Table  I. — Dimensions^  Weights^  Etc.^  of  TempU-IngersoU  Ekctric- 

Air  Drills, 

5-C.  4-C. 

Diameter  of  drill-cylinder, 5f  in.  4.75  in. 

Length  of  stroke, 8  in.  7       in. 

Length  of  drill — end  of  crank  to  end  of  piston,        .        .    45  in.  42       in. 

Depth  of  hole  drilled  without  change  of  bit,     .        .        .24  in.  20       in. 

Depth  of  vertical  holes  machine  will  drill  easily,  .    16  ft.  8       ft. 

Diameter  of  holes  drilled,  .        .         .     from  1.75  to  2.75  1  to  1.5    in. 

Strokes  per  minute, 425  460 

Horse  power  (at  motor), 5  3 
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Weights, 

Lb.  Lb. 

Drill  (unmounted,  with  wrenches  and  fittings),     .        .        .  300  192 
Pulsator  complete  with  direct-current  motor,   mounted  on 

truck, 883  585 

Pulsator  alone, 271  160 

Truck, 102  100 

Motor, 400  275 

Motor  without  armature, 330  216 

Armature  alone, 82  59 

Controller,  switch  and  rheostat, 72  50 

Entire  equipment  ready  for  shipment,  including  drill,  pul- 
sator,  direct-current  motor,  fittings,  wrenches  and  extra 

parts,  but  no  mountings,  steels  or  blacksmith  tools,     .        .  1,680  902 
Pulsator  complete  with  30-  or  60-cycle  alternating-current 

motor  mounted  on  truck, 630  360 

Pulsator  alone, 271  160 

Truck, 102  100 

Motor, 202  137 

Motor  alone, 46  34 

Controller-switch  with  base, 45  45 

Truck  cross-bars  for  motor,               15  15 

Entire  equipment  ready  for  shipment,  including  drill,  pul- 
sator, 30-  or  60-cycle  alternating-current  motor,  fittings, 
wrenches  and  extra  parts,   but  no  mountings,  steels   or 

blacksmith  tools, 1,080  680 

Tripod  with  weights, 540  430 

Note. — Weight  of  column  and  shaft-bar  mountings  will  vary  with  their  length 
and  diameter. 

The  dimensions  and  weights  of  the  "  Baby  "  or  3~C  Electric- 
Air  drill  cannot  as  yet  be  put  on  permanent  record.  This  drill 
takes  the  place  and  does  the  work  of  the  "  Baby  "  air-drill. 

The  Electric-Air  drill  strikes  a  blow,  normally  so  much  harder 
than  that  of  the  air-drill  of  the  same  capacity,  that  it  has 
been  found  advisable  in  many  cases  in  "  dressing  "  the  steel  bits 
to  make  them  blunter  or  thicker,  in  order  to  avoid  breakage. 
The  practical  force  of  the  drill  had  not  been  computed  before- 
hand, but  was  demonstrated  in  extensive  practice  and  experi- 
ment, and  the  clear  and  sufficient  explanation  came  later. 

The  drill-piston,  when  running  at  full  speed,  and  making  a 
stroke  for  each  rotation  of  the  pulsator  crank-shaft,  does  not 
strike  either  head.  The  hole  by  which  the  air  enters  the  cylin- 
der from  the  hose  is  located,  not  at  the  extreme  end,  or  close 
to  the  head,  of  the  cylinder,  but  a  certain  distance  away,  so 
that  when  the  piston  approaches  the  head  a  portion  of  inclosed 
air  acts  as  a  cushion,  which  first  checks  the  piston  and  then 
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shoots  it  back.  The  piston  thus  starts  upon  its  working-stroke 
impelled  by  a  certain  amount  of  force  which,  we  may  say,  has 
been  saved  over  from  the  preceding  stroke  to  be  utilized  for 
this.  The  piston  after  being  thus  started  is  driven  forward  by 
an  air-pressure  which  increases  as  it  advances,  the  pulsator- 
piston  being  in  the  attitude  of  chasing  and  gaining  upon  the 
drill-piston  for  a  considerable  portion  of  the  stroke,  while  in 
the  case  of  the  ordinary  drill-piston,  driven  by  a  constant  flow 
of  air  from  which  it  runs  away,  the  pressure  must  constantly 
diminish  as  the  piston-speed  is  accelerated.  In  the  same  way 
by  the  action  of  the  other  pulsator-piston  the  opposing  pressure 
upon  the  advancing  side  of  the  drill-piston  is  a  diminishing 
pressure  instead  of  the  constant  atmospheric  resistance,  and 
these  combined  cause  a  greater  unbalanced  difference  of  pres- 
sures upon  the  opposite  sides  of  the  drill,  a  more  rapid  acceler- 
ation of  the  piston-movement,  and  a  consequent  higher  velo- 
city and  force  at  the  moment  of  impact  of  the  steel  upon  the 
rock. 

Perhaps  the  most  gratifying,  and  also  surprising,  revelation 
of  all  in  connection  with  the  Electric-Air  drill  is  the  now  indis- 
putable fact  that  it  takes  only  from  one-third  to  one-fourth  of 
the  power,  at  the  power-house,  to  drive  it  to  do  the  same  work. 
This  is  accounted  for  by  the  fact  that  the  same  air  is  used  over 
and  over,  and  that  all  of  its  elastic  force  is  availed  of  in  both  di- 
rections instead  of  exhausting  the  charge  for  each  stroke  at  full 
pressure.  There  are  also  no  large  clearance-spaces  to  fill  anew 
at  each  stroke,  as  these  spaces  are  never  emptied. 

A  valuable  feature  of  the  Electric-Air  drill,  is  the  ability  to 
yank  the  bit  free  if  stuck  in  a  hole  and  immediately  continue 
its  work.  When  the  bit  of  the  ordinary  air-  or  steam-drill 
sticks  in  the  hole,  the  drill  stops  and  the  drill-runner  must  free 
the  bit  as  best  he  can.  Ordinarily  the  feed  is  run  up  and 
down,  the  drill  is  hammered  and  things  are  coaxed  in  various 
ways  until  the  bit  is  free.  When  the  bit  of  the  Electric-Air 
drill  sticks,  the  motor  and  the  pulsator-pistons  do  not  stop.  If 
the  drill-piston  is  making,  say,  400  strokes  a  minute,  as  soon 
as  the  bit  becomes  stuck  the  piston  will  receive  per  minute  400 
alternate  thrusts  and  pulls  with  full  force,  and  nothing  could  be 
more  effective  for  freeing  the  bit  than  these  alternate  thrusts 
and  pulls.     Often  when  the  bit  sticks  and  before  the  runner 
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can  get  ready  to  do  anything  about  it,  the  drill  frees  itself  and 
is  running  again  as  if  nothing  had  happened. 

The  coming  of  the  Electric-Air  drill  suggests  many  possibih- 
ties  and  ominously  means  much  to  established  interests.  It 
necessarily  suggests  a  revolution  in  methods  and  sometimes  per- 
haps a  superseding  of  the  old  plants  throughout  In  the  work- 
ing of  the  new  drill  the  old  central  air-compressor  plants  are 
absolutely  worthless,  but  it  is  not  easy  to  imagine  any  general 
abandonment  of  them.  After  all,  the  result  may  probably  be 
that  the  new  drill  will  not  to  any  great  extent  drive  out  the  old, 
but  will  make  a  new  field  of  employment  for  itself,  and  in  that 
way  lead  as  usual  to  a  considerable  enlargement  of  the  already 
extensive  business  which  is  behind  it.  As  has  been  shown,  the 
Electric- Air  drill  is  far  from  an  electric  drill,  but  the  ordinary 
electric  current,  now  nearly  everywhere  available,  can  be  used 
for  operating  it. 

In  planning  new  installations  the  Electric-Air  drill  is  to  be 
most  seriously  considered.  The  relative  final  cost  of  operating 
this  or  any  other  drill,  is,  after  all,  the  decisive  question,  due 
recognition,  of  course,  being  given  to  the  peculiarities  of  each 
drill,  favorable  or  otherwise,  which  are  not  computable,  but 
which  still  have  weight  in  determining  the  selection,  "  other 
things  being  equal." 

When  the  Electric- Air  drill  is  operated  without  its  own 
generating-plant,  the  current  being  taken  from  a  large  power- 
company,  some  very  low  figures  are  already  on  record.  At 
Idaho  Springs,  Colo.,  a  mine-shaft  was  put  down  67  ft.  in  24 
shifts  and  the  total  power-cost  was  $24  for  the  entire  work. 

In  making  rock-excavations  for  building-purposes  in  New 
York  City  and  elsewhere,  steam-drills,  having  a  temporary 
boiler-installation,  are  frequently  used.  The  Electric-Air  drill 
not  only  avoids  the  expense  of  the  boiler-equipment  but  will  do 
the  work  at  a  much  lower  cost,  the  current  being  supplied  by 
one  of  the  big  electric  power-companies. 
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Secrecy  in  the  Arts. 

BT  JAMES  DOUGLAS,  LL.D.,  NEW  YORK,  N.  T. 

(Toronto  Meeting,  July,  1907.) 

Though  liberality  is  not  supposed  to  be  a  prominent  trait  of 
the  Scottish  character,  Canada  owes  to  a  Scotchman,  Sir  Wm. 
Macdonald,  more  than  to  any  other  of  its  people,  not  only  wise 
ideas,  but  pecuniary  help  towards  extending  education:  and 
another  Scotchman,  in  New  York,  has  sumptuously  housed 
under  one  roof  three  branches  of  the  engineering  fraternity, 
of  which  we  are  one. 

Having  thus  created  us  members  of  the  same  family — for  the 
metaphorical  meaning  of  house  and  kinship  is  identical — Mr. 
Carnegie  expresses  more  emphatically  than  even  he  could  in 
words,  that,  by  affording  facilities  for  closest  intercourse,  he  in- 
vites the  mechanical,  electrical  and  mining  engineers  to  par- 
ticipate in  the  freest  interchange  of  idea  and  experience,  and 
to  correlate  and  combine  the  results  of  their  studies  and  activi- 
ties; and,  being  members  of  the  same  household,  to  banish  re- 
serve and  secrecy. 

And  now  we,  the  members  of  the  American  Institute  of 
Mining  Engineers,  meet  as  though  we  were  at  home  in  a  neigh- 
boring country.  For  whether  we  meet  in  Canada,  in  England, 
or  elsewhere,  the  Institute  is  always  received  as  though  no 
political  or  geographical  divisions  separated  its  members  from 
those  of  congenial  associations  in  the  land  of  its  host.  In 
truth,  the  title  which  we  have  assumed  claims  for  the  sphere  of 
our  activities  the  whole  American  continent,  regardless  of  such 
trifling  details  as  boundary-lines.  The  fact  that  we  meet  to 
communicate  each  other's  experience,  to  discuss  our  difficulties, 
and  to  seek  each  other's  aid  in  solving  the  intricate  problems 
that  so  often  present  themselves  in  the  course  of  our  profes- 
sional life,  is  an  acknowledgment  of  our  individual  helpless- 
ness; and  therefore  an  argument  for  united  effort.  But  no 
effort  can  be  of  any  value  if  there  is  an  underlying  suspicion 
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of  reserve  and  lack  of  candor  in  our  treatment  of  the  technical 
questions  which  it  is  our  province  at  these  meetings  to  discuss. 

Yet  there  are  limits  to  the  extent  to  which  we  may  go  as 
officials  of  public  companies.  We  know  that  even  as  profes- 
sional men  it  is  not  always  easy  to  reconcile  principles  with 
practice,  and  on  this  subject  of  sincerity  and  transparent  diflPii- 
sion  of  our  experience  there  is  some  slight  diiference  of  opinion 
and  difficulty  of  application.  Few  of  us  are  as  favorably  situated 
as  the  college  professors,  whose  first  duty  is  to  unbosom  them- 
selves to  their  students  of  all  they  know,  and  perhaps  of  a  little 
which  they  only  suppose  they  know.  The  most  of  us  are  paid 
officials  of  corporations  whose  raison  d'etre  is  to  make  money, 
and  whose  executive  officers  sometimes,  not  without  some 
reason,  consider  their  trade  secrets  as  part  of  their  capital. 
Some  companies  confide  these  secrets  to  the  honor  of  their 
technical  workers  under  as  strict  rules  as  those  imposed  on 
their  cashier  in  the  distribution  of  their  money.  Unless,  there- 
fore, our  employers  permit,  we  as  employees  are  under  pledge 
of  secrecy.  Many  large  manufacturing,  mining  and  metallur- 
gical concerns  put  no  restriction  upon  the  freedom  of  their 
technical  staff,  but  some  of  our  largest  certainly  impose  on 
their  employees  absolute  silence  as  to  all  that  transpires  within 
their  laboratories  or  workshops. 

If  the  question  were  left  to  us  alone,  it  would  be  easy  of 
solution.  Our  reliance  on  one  another,  as  workmen  in  such  dis- 
tinct branches  of  engineering  as  civil,  mechanical,  electrical, 
and  mining,  is  so  close  that  we  must  co-operate  in  every  large 
enterprise  we  undertake.  "We  cannot  succeed  singly,  for  few 
of  us  claim  to  be  so  encyclopaedic  in  our  knowledge  or  univer- 
sal in  our  experience  as  to  make  it  safe  to  rely  on  our  own  ac- 
quaintance with  the  practical  details  of  every  one  of  these  im- 
portant departments.  We  therefore  seek  each  other's  assistance, 
and  consequently  share  in  each  other's  secrets;  for  every  man's 
special  knowledge  is  to  the  other  man,  who  is  more  ignorant 
or  inexperienced,  a  secret,  or  a  "  mystery,"  as  old  tradesmen 
and  professional  men  used  to  call  it. 

Every  industrial  advance  brings  us  closer  together  and  makes 
it  more  impossible  to  act  independently.  Till  very  recently  the 
civil  engineer  surveyed  and  located  the  line  of  railroad;  the 
metallurgist  made  the  rails  and  the  iron  and  steel  for  the  loco- 
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motives ;  the  mechanical  engineer  designed  the  equipment,  and 
what  was  left  for  the  electrician  to  do  was  to  string  the  tele- 
graph wires.  Now  all  this  is  changed.  The  electrical  engineer 
is,  in  importance,  springing  into  the  first  rank ;  and  he  re- 
quires such  special  acquaintance  with  the  mysterious  forces, 
whose  distribution  and  useful  energy  he  handles  with  so  much 
audacity,  and  yet  safety,  that  few  of  us  are  particularly  anxious 
to  meddle  with  his  operations. 

Or,  to  take  a  mining  instance,  in  reaching  a  decision  as  to 
the  adoption  in  underground  or  overground  haulage  of  elec- 
tricity or  compressed  air,  even  in  metalliferous  mines,  the  ver- 
dict must  depend  on  so  maiiy  delicate  and  purely  technical 
considerations  that  few  superintendents  or  general  managers 
would  consider  themselves  sufficiently  informed  to  commit 
themselves  until  their  mechanical  and  electrical  advisers  had 
marshaled  all  the  facts  and  arguments  for  and  against  each 
system.  I  need  not  cite  other  instances  in  which  co-operation 
is  demanded  in  the  carrying-out  of  almost  every  modern  enter- 
prise, or  in  the  equipment  of  the  complicated  mechanisms 
which  have  replaced  the  simpler  contrivances  of  our  fore- 
fathers. The  modern  steamship  exceeds  Columbus's  caravels 
in  size  and  complexity  of  construction  as  much  as  does  a  limi- 
ted train  an  old  stage-coach.  And  in  proportion  to  the  mul- 
titude of  their  parts  and  the  tremendous  energy  of  the  forces 
which  must  be  called  into  play  to  move  them,  is  the  diversity 
of  knowledge,  talent  and  skill  required  to  design,  construct 
and  operate  them.  As  I  have  said,  therefore,  if  it  depended 
upon  us  alone,  there  would  be  no  difference  of  opinion  as 
to  the  necessity  of  perfect  open-mindedness,  and  as  little  back- 
wardness in  applying  this  principle  to  practice. 

I  think,  moreover,  that  many  of  us  are  also  convinced  that 
open-mindedness  to  the  suggestions  of  others  is  a  useful  quality 
to  carry  into  our  work,  even  after  we  and  our  scientific  staff, 
in  our  joint  wisdom,  have  co-operated  in  formulating  and  lay- 
ing  out  our  plans.  Every  draftsman  in  our  offices,  every  mas- 
ter mechanic  in  our  shops,  every  foreman  in  our  mines,  is  an 
expert  in  his  particular  line,  and  may  be  supposed  to  be  familiar 
with  minutifie  which  have  escaped  our  observation,  or,  to  put 
it  frankly,  may  know  more  than  we  do  ourselves  on  some  of 
the  innumerable  details  which  make  up  the  sum  total  of  the 
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questions  on  which  we  have  ultimately  to  pass.  The  sug- 
gestions coming  from  such  subordinate  sources  may  not 
always  be  worthy  of  acceptance ;  but,  on  the  other  hand,  it  is 
never  wise  on  our  part  to  turn  a  deaf  ear  or  a  disdainful 
shoulder  to  them.  In  our  own  small  way  and  work,  we 
feel  sometimes  almost  ashamed  to  accept  credit  accorded  to  us 
for  ingenuity  and  foresight  in  devising  either  mechanical  or 
industrial  novelties,  or  in  organizing  enterprises,  when  we  re- 
call the  hints  from  others  which  have  suggested  thoughts 
to  ourselves.  For  though  undoubtedly,  especially  in  the  most 
imposing  cases,  the  one  inspiring  mind  has  conceived  the 
idea,  either  of  the  invention  or  of  the  enterprise,  only  by  the 
co-operation  of  a  number  of  subordinate  agents,  who  often  be- 
long to  the  multitude  of  the  unknown  and  forgotten,  could  the 
idea  have  been  worked  out  to  the  glory  and  the  profit  of  the 
inventor  or  promoter.  It  is  always  difficult  to  decide  how 
much  of  the  result  should  be  passed  to  the  credit  of  the  con- 
spicuous man  and  how  much  to  that  of  the  hard-working,  plod- 
ding, unimaginative  grubber  among  details,  or  to  the  brilliant, 
erratic,  and,  because  erratic,  unsuccessful  fellows  who  do  so 
much  of  the  world's  work,  and  yet  get  so  little  of  the  praise 
or  the  gold.  But  this  is  certain,  that  in  our  own  work,  whether 
it  be  conspicuous  or  not,  we  shall  always  benefit  by  inviting 
suggestions  from  the  humblest  of  our  co-operators,  encourag- 
ing them  to  think  independently,  and  fearlessly  to  express 
their  thoughts.  That  this  is  already  one  of  the  prominent 
qualities  of  American  industry  is  manifest  from  the  large  num- 
ber of  patents  which  are  taken  out  by  inconspicuous  laborers 
in  the  fields  of  engineering,  especially  of  mechanics. 

I  recently  went,  one  Friday  morning,  into  our  purchasing 
department  and  found  every  desk  empty,  and  all  the  clerks 
assembled  in  the  manager's  room.  He  had  found  it  conducive 
to  the  most  efficient  conduct  of  his  office  to  assemble  all  his 
staff  once  a  week  for  free  discussion  as  to  the  most  economical 
distribution  of  work.  The  result  was  that  instead  of  late  hours 
and  overtime  the  necessary  day's  work  was  obtained  very 
easily  within  office  hours ;  for  suggestions  from  the  men  actu- 
ally engaged  were  found  to  be  worth  more  than  those  from  the 
men  merely  superintending.     The  youngest  were  not  snubbed, 
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if  they  ventured  to  make  a  remark ;  and  thus  the  spirit  of  pride 
and  co-operation  pervaded  the  whole  group. 

We  have  all  heard  how  Mr.  Carnegie  is  said  to  have  stimu- 
lated the  rivalry  of  his  superintendents  and  heads  of  depart- 
ments by  getting  them  to  meet  at  intervals  over  an  excellent 
lunch,  where  around  the  table  all  jealousy  vanished,  and  little 
technical  secrets,  which  are  liable  to  exist  even  among  friends, 
were  revealed.  But  good  cheer  is  not,  or  should  not  be,  neces- 
sary to  make  the  great  brotherhood  of  technical  workers  unfold 
their  sympathy  and  unbosom  their  secrets  to  one  another. 

But  we  return  to  our  main  subject.  How  far  and  how  com- 
pletely should  even  corporations  and  industrial  concerns  per- 
mit and  encourage  the  interchange  of  information  ?  I  am  in- 
clined to  think  that  few  limits  should  be  set ;  for  every  limita- 
tion means  the  concealment  of  some  fact  or  some  principle 
which  only  if  revealed  can  be  developed  to  its  full  significance 
and  utility.  As  a  rule  this  can  be  best  done  by  the  action  of 
many  minds  and  many  hands.  Till  developed  it  does  not  yield 
its  full  advantage  to  even  the  original  discoverer,  for  he  alone, 
unaided,  in  the  solitude  of  his  laboratory  or  behind  the  bars  of 
his  fiBictory,  without  the  practical  assistance  of  his  fellow- work- 
ers, rarely  brings  his  original  germinal  idea  intp  efficient, 
practical  utility. 

Were  we  free  to  appeal  to  purely  altruistic  motives,  it  would 
therefore  be  superfluous  to  argue  in  favor  of  complete  knowl- 
edge- and  experience-sharing,  but  profit-sharing  is  after  all  the 
impelling  motive  of  industrial  advance  to-day,  as  it  has  been 
in  all  ages,  and  to  reconcile  the  admitted  evils  of  secrecy  with 
the  admitted  advantages  of  publicity,  the  patent  laws  have  been 
framed.  They  have  always  given  the  patentee  the  right  to  use 
either  in  his  person  or  through  his  agent  his  invention  or  dis- 
covery for  a  limited  number  of  years,  provided  he  describes 
it  so  fully  that  it  can  be  practiced  by  one  skilled  in  the  art. 
The  publicity  and  knowledge  conveyed  by  the  specification 
stimulates  the  inventive  faculties  of  others,  and  patented  and 
unpatented  improvements,  along  the  line  of  the  original  inven- 
tion, demonstrate  both  the  value  of  publicity  and  the  cupidity 
of  men,  even  of  the  technico-scientific  class.  Among  the  great 
inventors  of  our  day  was  Sir  Henry  Bessemer.     Before  the 
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Bojal  Commission,  appointed  to  suggest  revision  of  the  British 
patent  laws,  he  gave  evidence,  some  of  which  he  has  embodied, 
with  very  suggestive  comments,  in  his  autobiography.^  Before 
he  became  famous  he  devised  machinery  for  making  bronze 
powder,  and  manufactured  the  powder  in  secret.  Of  this  he 
says : 

**  While  referring  to  patents  for  inventions,  I  cannot  refrain  from  pointing  to 
this  particular  invention  of  bronze  powder  as  an  example  that  may  advantageously 
be  borne  in  mind  bj  those  short-sighted  persons  who  object  to  grants  of  letters- 
patent  There  can  be  no  doubt  of  the  fact  that  the  security  offered  by  the  patent 
law  to  persons  who  expend  large  sums  of  money  and  valuable  time  in  pursuing 
novel  inventions,  results  in  many  new  and  important  improvements  in  our  manu- 
factures, which  otherwise  it  would  be  sheer  madness  for  men  to  waste  their 
energy  and  their  money  in  attempting.  But  in  this  particular  case  the  conditions 
were  most  unfavourable  for  patenting,  owing  to  the  fact  that  the  article  produced 
was  only  a  powder,  and  could  not  be  identified  as  having  been  made  by  any  pai^ 
ticular  form  of  mechanism.  Therefore  it  could  not  be  adequately  protected  by 
patent ;  moreover,  by  my  machinery,  the  cost  of  production,  if  only  paid  for  at 
the  ordinary  rates  of  wages,  did  not  exceed  one-thirtieth  of  the  selling  price  of 
the  article.  This  fact  alone  offered  an  irresistible  temptation  to  others  to  evade 
the  inventor's  claims,  and  so  rendered  the  patent  law  a  most  inadequate  protec- 
tion. On  the  other  hand,  the  great  value  of  a  small  bulk  of  the  material  made 
it  possible  to  cafty  on  the  manufacture  in  secret,  and  this  method  of  manufacture 
was  rendered  the  more  feasible  by  making  each  different  class  of  machine  self- 
acting,  and  thereby  dispensing  entirely  with  a  host  of  skilled  manipulators.  It 
may  therefore^be  fairly  considered,  so  far  as  this  particular  article  was  concerned, 
that  there  were,  in  effect,  no  patent  laws  in  existence. 

'^  Now  let  us  see  what  the  public  has  had  to  pay  for  not  being  able  to  give  this 
security  to  the  inventor.  To  illustrate  this  point,  I  may  repeat  the  simple  fact 
that  the  first  order  for  bronze  powder  obtained  by  my  traveller  was  for  two  pounds 
of  pale-gold,  at  eighty  shillings  per  pound  net,  for  the  Goalbrookdale  Iron  Com- 
pany. I  may  further  state  that,  in  consequence  of  the  necessity  for  strict  secrecy, 
I  had  made  arrangements  with  three  young  men  (my  wife*s  brothers),  to  whom 
salaries  were  paid  far  beyond  the  cost  of  mere  manual  labour  (of  which,  indeed, 
but  little  was  required).  My  friend  Mr.  Young  desired  to  occupy  the  position 
of  sleeping  partner  only,  and  not  be  troubled  with  any  detaib  of  the  manufac- 
ture ;  BO  I  entered  into  a  contract  with  him  to  pay  all  salaries,  find  all  raw  mate- 
rials, pay  rent,  engine  power,  and  bring  the  whole  produce  of  the  manufactory 
into  stock,  in  one-ounce  packages,  ready  for  delivery,  at  a  cost,  for  all  qualities, 
of  five  shillings  and  sixpence  per  pound ;  after  which  he  and  I  shared  equally 
all  profits  of  the  sale.  It  is  rather  a  curious  coincidence  that  the  one-ounce  bot- 
tles of  gold  paint  were  labelled  five  shillings  and  sixpence  each,  off  which  the 
retailer  was  allowed  a  liberal  discount. 

'*Had  the  invention  been  patented,  it  would  have  become  public  property  in 
fourteen  years  from  the  date  of  the  patent,  after  which  period  the  public  would 
have  been  able  to  buy  bronze  powder  at  its  present  market  price,  viz.,  from  two 

^  Sir  Henry  Bessemer,  F.R,S, :  An  Aulobiograpkyf  pp.  82  to 86.  London:  Offices 
of  Engineering  (1905). 
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shillingB  and  threepence  to  two  shillings  and  ninepence  per  pound.  But  this 
important  secret  was  kept  for  about  thirty-five  years,  and  the  public  had  to  pay 
excessiyely  high  prices  for  twenty-one  years  longer  than  they  would  have  done 
had  the  invention  become  public  property  in  fourteen  years,  as  it  would  have 
been  if  patented.  Even  this  does  not  represent  all  the  disadvantage  resulting 
from  secret  manufactures.  While  every  detail  of  production  wa?  a  profound 
secret,  there  were  no  improvements  made  by  the  outside  public  in  any  one  of  the 
machines  employed  during  the  whole  thirty-five  years;  whereas  during  the 
fourteen  years,  if  the  invention  had  been  patented  and  published,  there  would, 
in  all  probability,  have  been  many  improved  machines  invented,  and  many  novel 
features  applied  to  totally  different  manufactures. 

"  I  have  lingered  long  over  this  subject  of  bronze  powder,  because  it  is  one 
which  has  had  great  influence  on  my  career  ;  it  was  taken  up  at  a  period  when 
my  energy  and  my  endurance,  and  my  faith  in  my  own  powers,  were  at  their 
highest ;  and  as  I  look  on  all  the  incidents  surrounding  it,  through  the  lapse  of 
time  and  the  many  changes  of  the  fifty  years  since  it  was  undertaken,  I  wonder 
how  I  had  the  courage  to  attack  a  subject  so  complicated  and  so  difficult,  and  one 
on  which  there  were  no  data  to  assist  me.  There  were  not  even  the  details  of 
former  failures  to  hold  up  the  finger  of  warning,  or  point  out  a  possible  path  to 
pursue,  for  no  one  had  yet  ventured  to  try  and  replace  the  delicate  manipulation 
which  experts  had  made  their  own,  both  in  Japan  and  China,  where  texts  and 
prayers  printed  with  bronze  were  offered  up  at  the  shrine  of  Confucius  two  thou- 
sand years  before  I  had  ever  seen  a  particle  of  bronze  powder." 

lie  concludes  this  first  reference  to  his  powder  in  the  follow- 
ing paragraph : 

'*In  closing  these  details  of  the  bronze  powder  manufacture,  I  may  say  that, 
later  on,  the  handsome  royalties  paid  by  my  steel  licencees  rendered  the  bronze 
powder  business  no  longer  necessary  to  me  as  a  source  of  income  ;  and  I  had  then 
the  extreme  satisfaction  of  presenting  the  works  to  my  brother-in-law,  Bichard 
Allen,  who  had,  with  so  much  caution,  successfully  kept,  for  more  than  thirty 
years,  a  secret  for  which,  he  perfectly  well  knew,  some  thousands  of  pounds 
would  have  been  given  him  at  any  moment.'' 

But  he  returns  to  the  subject  of  patents  when  discussing  an- 
other invention  of  his,  that  for  making  optical  and  plate  glass, 
the  value  of  which,  for  some  reason  or  other,  the  trade  has 
never  appreciated.     He  says  (pp.  117,  118) : 

''There  is  one  point  in  connection  with  patented  inventions  upon  which  I  have 
always  felt  strongly.  I  have  maintained  that  the  public  derive  a  great  advantage 
by  useful  inventions  being  patented,  because  the  invention  so  secured  is  valuable 
property,  and  the  owner  is  necessarily  desirous  of  turning  that  property  to  the 
greatest  advantage ;  he  either  himself  manufactures  the  patented  article,  or  he 
grants  licences  to  others  to  do  so.  In  either  case  the  public  reap  the  advantage 
of  being  able  to  purchase  a  better  or  cheaper  article  than  was  before  known  to 
them,  due  to  the  inventor's  perseverance  in  forcing  his  property  upon  the  market 
But  if  a  novel  article  or  manufacture  is  simply  proposed  by  a  writer,  and  published 
in  the  technical  pressor  in  newspapers,  as  a  rule  (almost  without  a  single  excep- 
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tion)  no  manufacturer  will  go  to  the  trouble  and  expense  of  trying  to  work  out 
the  proposed  invention.  He  says  to  himself :  *  I  shall  not  risk  the  expense  neoe»- 
sary  to  develop  this  new  idea,  for  it  may  entirely  fail ;  or  even  if  I  succeed,  its 
development  will  cost  me  much  more  than  it  will  cost  other  manufacturers,  who 
will  immediately  avail  themselves  of  it  if  I  succeed ;  no,  let  some  one  else  try 
it  ;*  and  so  the  invention  is  lost  to  the  world  in  consequence  of  having  been  given 
away.  This  loss  to  the  public  is  equally  the  case  with  patents  that  are  not  taken 
up ;  and  one  of  the  simplest  and  most  effective  inventions  which  I  have  ever 
made  may  be  here  cited  as  an  example,  as  it  formed  part  of  the  novel  system  of 
plate  glass  manufacture  just  referred  to.'' 

After  describing  his  plate-glass  invention  and  its  public  ne- 
glect, be  says  (p.  122) : 

''From  what  I  have  said  I  think  I  have  shown  that,  however  self-evident  an 
invention  may  be,  or  however  advantageous  it  might  be  to  a  manufacturer,  if  it  is 
public  property  he  will  not  touch  it." 

Sir  Henry  was  doubtless  correct  in  asserting  that  under  the 
impulse  of  self-interest  inventions  are  pushed  by  the  inventor 
more  vigorously  than  if  he  had  merely  the  scientific  credit  due 
and  given  to  investigators  to  spur  him  on.  But  he  really  gives 
us  an  argument  against  patents  when  he  describes  the  apathy 
of  the  public  to  his  glass  patents.  His  steel  patents  he  worked 
out  himself  and  brought  to  perfection  after  years  of  heavy  ex- 
pense and  labor,  and  by  adopting  certain  modifications  to  fit 
special  cases.  His  plate-glass  patents  he  never  himself  applied, 
but  they  would  probably  have  been  loaded  down  with  royalties 
which  the  trade  did  not  care  to  pay  while  taking  the  risk  of 
applying  them  to  practice.  As  to  his  bronze  powder,  he  would 
probably  have  made  far  more  out  of  it  had  he  reduced  the  ex- 
orbitant prices  and  increased  the  demand,  even  while  manufac- 
turing it  behind  closed  doors. 

It  is,  however,  foreign  to  my  purpose  to  discuss  the  patent 
laws,  except  casually  as  they  bear  upon  the  subject  of  secrecy 
in  the  arts.  Sir  Henry's  generalizations  are  substantially  cor- 
rect, but  they  are  too  sweeping ;  for  there  have  been  great  in- 
ventions which  the  public  has  not  been  backward  in  using, 
though  they  were  freely  given  to  the  world.  One's  thoughts 
pass  with  pleasure  from  the  contemplation  of  the  money-making 
inventors  and  investigators  to  such  prophets  and  apostles  of 
science  as  Sir  Michael  Faraday.  Sir  Michael's  profound  and 
original  investigations  into  electricity  and  magnetism  gave  the 
world  the  dynamo.    Though  he  did  not  work  out  the  mechani- 
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cal  details  of  a  practical  generator,  he  undoubtedly  invented 
appliances  which  might  have  been  used  for  making  a  strong 
basis-claim  for  a  patent  But  nothing  could  have  been  more 
repulsive  to  his  spirit  or  foreign  to  his  high  aim  in  life  than 
gauging  his  time  and  talents  by  a  mere  money  standard.  He 
lived  contentedly  on  the  small  salary  he  received  from  the 
Royal  Institution,  preparing  his  lectures  to  children  with  as 
much  care  as  he  bestowed  on  those  delivered  before  the  Insti- 
tution which  made  him  famous;  and  turning  his  great  learning 
and  power  of  investigation  to  the  nation's  good  in  return  for  very 
scanty  remuneration,  for  he  deliberately  decided  to  devote  his 
life  to  scientific  research  for  truth's  sake,  rather  than  to  use  his 
vast  attainments  in  the  service  of  Mammon.  At  the  commence- 
ment of  his  career,  Faraday  added  to  his  salary  from  the  Royal 
Institution  by  what  he  called  commercial  work.  At  first,  his 
average  earnings  from  this  source  were  £240  per  year.  By 
1881  they  reached  £1,090.  By  1838  they  had  shrunk  to  nothing ; 
for  in  the  meantime  his  great  discovery  of  magneto-electricity 
was  made,  and  his  thoughts  were  so  intently  directed  to  his  ex- 
perimental  work  that  no  time  could  be  spared  for  money-making. 
Faraday's  mind  wa*  too  absorbed  in  wonderment  and  almost 
religious  fervor,  as  the  secrets  of  nature  revealed  themselves, 
for  sordidness  in  any  form  to  find  lodgment  He  wasted  his 
energy  neither  in  money-making  nor  in  captiously  defending 
his  discoveries  and  great  conceptions  from  supposed  infringe- 
ment by  other  scholars.  He  never  forgot,  despite  his  brilliant 
original  work,  that  generally  the  great  investigators  only  lay 
the  keystone  in  the  arch  which  many  less  gifted  workers  have 
been  erecting  stone  by  stone.  He  did  not  consider  it  any  de- 
traction from  his  honor  that  he  was  permitted  only  to  crown  the 
structure  which  others  had  helped  to  build  from  the  foundation 
up.  They  are  the  greatest  among  the  great  who  appreciate  this 
limitation  and  recognize  what  they  owe  to  others.  Faraday 
knew  that  his  discoveries  gave  him  but  imperfect  glimpses  of 
some  of  the  laws  and  phenomena  of  nature,  which  we,  through 
our  ignorance  and  prejudice,  are  slow  in  understanding,  but 
which  would  soon  cease  to  be  secrets  if  we  could  only  disabuse 
our  minds  of  false  conceptions,  see  facts  as  facts  instead  of 
as  arguments  for  our  theories,  and  then  work  together  with 
single-heartedness. 
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Faraday  felt  also,  ae  every  true  disciple  of  science  should 
feel,  that  when  we  penetrate  to  the  discovery  of  even  the  least 
important  of  the  facts  of  nature,  we  are  unveiling  one  of  God's 
gifts  to  humanity.  If  that  be  so,  we  may  well  ask  ourselves, 
what  right  have  we  to  draw  the  curtain  over  it  and  conceal  it 
again  from  God's  children  in  order  that  we  may  make  money 
out  of  it  ?  Looked  at  from  this  point  of  view,  may  we  not 
question  the  right  to  buy  men's  thoughts;  and  when  through 
their  thoughts  we  have  unraveled  some  of  nature's  secrets,  and 
learnt  something  to  our  profit,  use  our  power  and  another's  ne- 
cessities to  impose  secrecy  ?  Are  we  not  enslaving  a  human 
mind,  and  can  any  slavery  be  worse  ?  A  natural  phenomenon 
of  force,  once  so  understood  that  it  can  be  controlled,  is  it  not 
as  much  a  gift  of  God  as  rain  and  sunlight,  and  therefore  part 
of  the  heritage  of  all  mankind  ?  Corporate  wealth  and  corpor- 
ate energy  are  doing  much  for  mankind,  despite  the  fact  that 
of  corporate  shortcomings  we  hear  just  now  more  than  we  do 
of  corporate  benefactions.  But  corporate  influence  will  have 
reached  its  most  beneficent  development  when  the  wealth  and 
activity  and  masterful  management  of  the  able  men  who  wield 
it  are  united  to  the  knowledge  and  skill  of  their  technical  staff 
in  not  only  discovering  but  publishing  the  truths  of  nature, 
which  they  may  be  agents  in  revealing.  Nor  are  we  over- 
sanguine  in  believing  that  this  high  aspiration,  if  carried  into 
practice,  would  not  interfere  with  the  lower  motive  of  their 
existence,  money-making. 

Sir  Michael  Faraday  is  not  the  only  worker  in  the  field  of 
practical  science  who  has  given  the  results  of  his  labor  unre- 
servedly to  the  world.  It  is  almost  invidious  to  single  out 
instances  when  so  many  distinguished  and  such  a  multitude  of 
obscure  toilers  are  working  at  the  intricate  problems  of  tech- 
nology from  sheer  attachment  to  truth  and  without  any  thought 
of  gain.  But  three  notable  names  may  be  mentioned  as  rep- 
resentative of  this  noble  army  of  the  unselfish — our  own  Prof. 
Henry,  Dr.  Roentgen,  and  that  devoted  couple,  whom  we  rank 
as  one— for,  as  husband  and  wife,  they  were  as  united  in  love 
one  of  another  as  they  were  one  in  love  of  science — Mons.  and 
Madame  Curie.  The  Roentgen  ray  may  have  needed  no  pat- 
ents, or  patentable  devices,  or  any  business  organization  to 
push  its  beneficial  applications,  especially  in  the  alleviation  of 
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Buffering  humanity,  but  it  would  not  have  been  difficult  to  con- 
coct patents  had  Dr.  Roentgen,  before  describing  his  discov- 
eries, wished  to  make  money  out  of  them.  And  could  the 
practical  resources  of  radial  activity  be  measured  by  dollars, 
what  a  fortune  the  bereaved  widow  would  reap !  But  Prof. 
Roentgen  enjoys  a  better  harvest  than  royalties,  and  Madame 
Curie  would  not  exchange  for  a  mountain  of  gold  the  world's 
admiration  and  reverence  for  her  husband's  memory. 

But  to  descend  to  a  lower  plane.  If  it  is  the  fact  that  tech- 
nical science  has  progressed  of  late  with  such  unwonted  speed 
through  the  co-operation  of  many  workers,  and  that  this  co- 
operation has  been  made  possible  by  the  publication  and  ex- 
change of  ideas  and  experiences  in  the  technical  and  scientific 
journals,  would  not  our  progress  be  even  more  rapid  and 
thorough  if  all  barriers  of  secrecy  were  broken  down,  and  every 
encouragement  were  given  to  our  technical  workers  to  describe, 
in  print  and  by  conference,  their  notions  and  their  actual 
experiments  ?  This  is  the  attitude  of  some,  I  may  almost  say  of 
most,  of  our  large  concerns,  but  unfortunately  it  is  not  that 
of  all.  It  is  impossible  to  compare,  as  to  efficiency  and  profit, 
works  the  gates  of  which  are  fast  shut,  and  in  which  obscurity 
and  secrecy  are  imposed  and  practiced,  with  those  to  which 
free  admission  is  granted  and  in  which  freedom  of  informa- 
tion is  encouraged.  But  the  following  reflections  force  them- 
selves upon  us  in  this  connection.  We  know  that  very  few 
technical  papers  issue  from  certain  establishments;  that  on 
their  officials  silence  is  imposed ;  and  that  to  these  works  in- 
quisitive visitors  are  politely  but  peremptorily  refused  admis- 
sion. There  are  not  many  such,  but  they  are  and  have  been 
very  successful.  But  suppose  that  in  imitation  of  their  practice 
and  regulations  all  were  tempted  to  adopt  it,  so  that  the  same 
policy  became  univeral ;  what  a  sudden  paralysis  of  industry 
would  follow!  Our  secretaries  would  find  it  difficult  to  fill 
even  their  shrunken  volumes  of  transactions  with  papers  worth 
printing ;  our  students  would  have  to  content  themselves  with 
the  antiquated  learning  which  their  professors  could  supply ; 
for  there  would  be  no  more  summer  classes  for  practical  work 
in  mines,  smelters  and  electrical  factories,  and  the  professors 
themselves  would  have  to  learn  from  old  books.    Every  manu- 
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facturer  and  smelter  would  be  obliged  to  bribe  his  neighbor's 
workmen  and  tempt  away  his  neighbor's  superintendents  for 
information.  As  a  result,  before  long,  the  very  works  which 
now  find  it  so  profitable,  or  think  they  do,  to  tap  their  friends' 
stock  of  knowledge  and  experience,  and  give  nothing  in  re- 
turn, would  be  driven  in  upon  their  own  resources,  and  would 
undoubtedly  then  find  them  not  so  complete  as  they  imagine. 
Of  course,  I  am  supposing  an  impossibility,  because  the  spirit 
of  intellectual  freedom  in  our  professions  is  too  strong  and  too 
widespread  to  submit  to  such  a  tyranny,  and  because,  before 
such  darkness  of  ignorance  had  settled  down  on  our  great  in- 
dustries, the  most  pronounced  advocates  of  secrecy  would  feel . 
and  acknowledge  the  ultimate  consequences  of  concealment, 
and  would  become  reformers.  To-day  they  may  have  secrets, 
as  valuable  as  Sir  Henry's  method  of  making  plate  glass  and 
bronze  powder,  which  it  may  pay  them  to  conceal  from  their 
competitors,  so  long  as  they  are  admitted  freely  to  their  com- 
petitors' open  shops ;  but  even  this  is  doubtful.  For  the  spirit 
of  secrecy  is  intimately  allied  with  the  spirit  of  suspicion  and 
distrust ;  and  the  mind  which  is  always  suspecting  is  closed 
tight  against  the  admission  of  fresh  and  fair  impressions. 
Being  jealous  of  others,  it  is  prejudiced  against  their  sugges- 
tions, and  correspondingly  prejudiced  in  favor  of  its  own  pre- 
conceptions.    Progress  therefore  ceases. 

This  is  a  temper  of  mind  foreign  to  a  new  country  like  ours, 
whose  special  industries  have  not  been  established  long  enough 
to  wear  grooves  of  rigid  practice  and  sink  into  ruts  of  self- 
satisfied  indiflerence.  About  the  best  correction  we  can  apply 
to  the  growth  of  dry-rot  is  the  banishment  of  secrecy.  A  curi- 
ous instance  of  its  blighting  influence  is  seen  in  some  of  the 
older,  not  the  newer,  industries  of  the  old  world.  The  iron- 
and  steel-works  of  Europe  have  not  kept  pace  with  ours  in 
size  and  production,  but  the  ironmasters  of  Great  Britain  and 
Germany,  in  coke-making  and  in  blast-furnace  economies  and 
in  steel-making  processes,  have  been  our  teachers.  Nor  have 
they  been  shy  of  communicating  their  improvements,  or, 
through  jealousy  of  our  success,  slow  in  adopting  ours.  No 
nobler  monument  of  international  comity  in  thought  and  ex- 
perience exists  than  the  seventy  volumes  of  the  Proceedings 
of  the  Iron  and  Steel  Institute.     And  with  few  exceptions  the 
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iron-  and  steel-works  of  England,  Scotland,  Germany  and 
France  are  open  to  any  accredited  worker  in  the  same  domain. 
Yet  before  England  was  conspicuous  as  a  maker  of  iron,  she 
was  famous  the  world  over  for  her  copper-  and  tin-production. 
But,  between  self-conceit  and  the  inbred  habits  of  trade-secrecy, 
her  copper-smelting  industry  has  fallen  from  its  high  estate. 
And  it  is  not  accidental,  but  linked  as  closely  as  any  eflfect 
with  its  cause,  that  this  decline  is  in  great  part  the  result 
of  habits  of  secrecy  which  grew  with  the  growth  of  age.  At 
Swansea,  every  gate  to  the  sraelting-works  is  guarded,  and  as 
a  result  it  has  been  as  difficult  for  thought  to  escape  out  as  for 
suggestions  to  find  their  way  in.  Swansea  should  still  enjoy 
the  leadership  which  her  skilled  labor,  splendid  coal  and  com- 
manding maritime  situation  put  within  her  reach ;  but  she  has 
preferred  to  gloat  over  her  secrets  behind  closed  doors  rather 
than  go  out  into  the  world  in  search  of  new  business  as  well  as 
technical  methods,  while  also  inviting  the  world  to  enter  and 
exchange  ideas  with  her.  What  is  the  consequence?  New 
Zealand  copper  comes  here  to  be  refined,  notwithstanding  the 
first  practical  application  of  electrolysis  to  metals  was  made  by 
Elkinton  in  England,  and  the  Vivians  adopted  the  Manhes 
method  before  Farrel  introduced  it  into  this  country. 

There  are,  however,  of  course,  exceptions  in  England  to  this 
too  prevalent  habit  of  secrecy.  To  the  works  of  the  Rio  Tinto 
at  Port  Talbot  or  of  the  Cape  Copper  Co.  at  Briton  Ferry  in 
South  Wales,  where  metallurgical  novelties  have  been  tried, 
introductions  are  not  refused.  But  the  alliance  of  decay 
and  suspicion  in  the  instance  I  have  given  can  hardly  be  acci- 
dental ;  and  we  may  be  sure  that  what  is  baneful  in  its  efltects 
in  Europe  is  not  likely  to  be  beneficial  here ;  for  while  the 
Atlantic  separates  continents  it  does  not  delimit  the  operation 
of  laws. 

In  political  life,  vitality  is  maintained  only  when  every  man 
takes  his  fiiU  share  as  a  debater  in  the  discussion  of  political 
questions,  and  as  a  voter  in  the  determination  of  state  affairs. 
So  in  scientific  and  technical  matters,  the  banishment  of  de- 
ceit, mystery  and  jealousy,  and  the  freest  admission  of  day- 
light by  means  of  the  unreserved  diflPusion  of  information 
through  the  press  and  personal  intercourse,  will  instill  into  the 
whole  body  of  workers  a  feeling  of  healthy  rivalry,  which, 
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while  stimulating  their  mental  activity,  will  correspondingly 
benefit  the  financial  interests  of  their  employers, 

I  have  supposed  an  extreme  case — that  the  example  set  by 
our  few  secretive  establishments  were  followed  by  all.  Let  me 
imagine  a  more  probable  issue,  such  as,  I  believe,  will  result 
from  the  fellowship  of  knowledge  and  experience  which  Mr. 
Carnegie,  in  presenting  to  our  national  engineering  societies 
their  new  home,  urges  them  to  cultivate — namely,  that  all  our 
technical  manufacturers  will  learn  how  they  gain,  and  not  lose, 
by  encouraging  their  staff-officers  to  study  their  neighbors' 
methods,  and  by  throwing  open  their  own  establishments,  in 
turn,  to  the  freest  criticism  of  their  competitors  in  trade.  What 
will  result  ?  Nothing  but  advantage,  I  believe,  to  all  whose 
wisdom  and  means  have  enabled  them  to  provide  themselves 
with  the  raw  material  of  manufacture  on  advantageous  terms, 
and  to  locate  their  works  or  factories  at  localities  favorable  for 
economical  operation.  Loss  only  to  those  who,  in  any  case, 
ought  to  go  out  of  business,  because  they  have  failed  to  secure 
the  conditions  essential  to  success !  And,  above  all,  benefit  to 
the  public,  which,  after  all,  is  the  finality  we  should  always 
keep  in  view. 

How,  now,  can  these  two  cardinal  conditions — ^financial 
success  and  public  approval — be  best  attained  ?  Unquestion- 
ably, by  mutual  help  and  the  most  unreserved  publicity.  In 
any  branch  of  industry,  no  intelligent  worker  claims  that  he 
and  his  staff  have  attained  either  the  utmost  economy  in  opera- 
tion or  the  most  thorough  acquaintance  with  all  the  reactions 
which  enter  into  the  processes  which  he  practices.  Each  knows 
that  hundreds  of  other  intelligent  and  well-informed  men  are 
eagerly  at  work  on  the  solution  of  the  same  problem.  Some 
may  be  a  little  cleverer  than  others,  and  some  may  have  made 
a  little  more  progress  in  certain  lines  than  their  co-workers. 
But  this  discrepancy  will  not  necessarily  continue;  for  the 
clever  fellow  is  picked  up  by  rival  works,  the  secret  so  carefully 
guarded  leaks  out,  and  the  disturbed  average  of  paid  ability 
and  of  stock  of  knowledge  is  restored.  But  if  the  companies 
and  their  staff  are  unwilling  unreservedly  to  pool  their  knowl- 
edge and  experience,  the  advantage  of  making  into  one  great 
stock  such  accumulated  experience  and  knowledge  of  these 
hundreds  of  workers  is  forfeited.     With  certain  reservations, 
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and  by  special  permission,  many  of  our  larger  establishments, 
in  all  or  in  certain  departments,  are  freely  open  to  each  other's 
technical  officers ;  but  instead  of  being  admitted  upon  suffer- 
ance, they  should  be  invited  in,  with  full  liberty  to  study  proc- 
esses and  test  machinery ;  for  assuredly  the  host  would  benefit 
as  much  as  the  guests  by  the  discussion  which  would  follow 
such  unreserved  exchange  of  ideas  and  comparisons  of  appli- 
ances and  methods. 

I  have  referred  to  certain  limitations  to  publicity.  One,  un- 
doubtedly, is  costs.  Under  our  present  economic  system,  no 
manufacturer  or  miner  or  metallurgist  cares  to  give  away  his 
coats,  and  that  for  very  obvious  reasons.  What  they  are  may 
be  inferred,  but  professional  courtesy  forbids  direct  inquiry  into 
that  delicate  subject.  This  restriction,  however,  need  not  in- 
terfere with  unstinted  technical  freedom  of  intercourse.  There 
is,  moreover,  another  judicious  limitation  to  publicity.  Most 
of  our  largest  concerns  are  incorporated  and  financed  as  joint- 
stock  organizations,  in  which  thousands  of  technically  ignorant 
and  helpless  shareholders  are  interested.  Unquestionably,  in- 
discriminate admission  to  works  and  mines  must  be  refused,  for, 
unfortunately,  there  would  be  visitors  who,  if  admitted,  after 
the  visit  would  tell  remarkable  stories,  from  actual  observation, 
with  the  view  to  affect  the  value  of  stocks.  But  such  restric- 
tions do  not  affect  the  main  proposition  that  mercantile  con- 
cerns of  every  class,  depending  for  success  on  technical  knowl- 
edge and  skill,  would  gain  by  the  removal  of  restraint  on  the 
thought  and  action  of  their  technical  staff. 

I  am  not  blind  to  the  fact  that  the  same  object  is  sought  to  be 
attained  by  the  consolidation  of  many  works  under  one  organi- 
zation, or  by  the  encouragement  of  friendly  financial  co-opera- 
tion among  even  competing  companies ;  but  this  tendency  to 
consolidation  has  not  yet  succeeded  in  obliterating  competition, 
and  will  not  as  long  as  there  are  active,  intelligent  men  among 
us,  who  prefer  to  rule  rather  than  to  be  ruled,  and  to  manage 
their  own  business  rather  than  have  it  managed  for  them. 

On  the  benefits  or  disadvantages  of  the  present  movement 
towards  consolidation  of  works  and  the  combination  of  capital 
in  large  industrial  undertakings,  there  is,  and  will  be,  of  course, 
considerable  diversity  of  opinion.  That  competition  is  waste- 
ful and  is  encumbered  with  other  evils  few  will  deny ;  that  it 
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has  a  keenly  stimulating  efiect  all  will  admit.  Yet  it  remains 
to  be  determined  whether  a  board  of  absentee  managers  and 
paid  officials  will  be  a  compensating  substitute  for  the  ambitions, 
personal  pride  and  tireless  energy  and  skill  of  the  individaals 
who  have  built  up  great  works  which  they  may  have  seen,  per- 
haps reluctantly,  absorbed  into  a  combination.  There  are,  apart 
from  the  political  and  sociological  aspects  of  the  present  con- 
solidation tendency,  technical  and  economical  conditions  which 
force  themselves  upon  the  consideration  of  those  of  us  under 
whose  management  works  have  grown  from  small  to  large  di- 
mensions. The  difficulty  of  maintaining  a  high  standard  of 
quality  as  the  demand  is  made  for  enormously  increased  pro- 
duction is  urgently  presenting  itself  both  to  the  management 
and  to  the  public.  And  it  is  doubtful  whether,  after  expansion 
has  reached  the  point  where  administration  charges  become 
light,  there  is  actual  economy  in  unlimited  expansion;  and 
whether  the  most  skillful  and  closely  managed  corporate  or- 
ganization can  replace  the  personal  supervision  of  a  single  mind. 
But  what  immediately  concerns  us  in  the  present  discussion  is 
the  dangerous  temptation  to  adopt  secretive  methods  by  very 
large  corporations. 

The  larger  the  combination  grows  the  more  sensitive  will 
the  management  be  lest  business  and  trade  secrets  which  they 
possess,  or  think  they  possess,  be  revealed  by  subordinate  offi- 
cers. The  imposition,  therefore,  of  strict  rules  of  silence  on  all 
except  those  in  supreme  command  is  likely  to  result.  If  the 
absorption  of  any  one  class  of  our  national  resources  should 
pass  under  the  control  of  any  one  organization,  the  technical 
knowledge  necessary  to  the  development  of  that  particular  re- 
source would  be  of  interest  to  that  organization  alone,  and 
the  risks  of  publicity,  and  therefore  the  evils  of  secrecy,  would 
become  a  merely  academic  question.  This  dangerous  point,  un- 
der our  present  industrial  system,  will  probably  not  be  reached ; 
for  state  socialism,  to  which  concentration  steadily  approaches, 
would  be  the  inevitable  alternative  and  would  be  adopted  be- 
fore the  other  alternative  had  been  attained.  But  it  must  be 
to  the  management  of  those  enormous  consolidations  a  grave 
consideration  how  they  can  give  such  latitude  to  the  members 
of  their  staff  as  will  produce  that  healthy  self-reliance  which 
comes  from  freedom  of  speech  and  freedom  of  opinion,  with- 
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out  endangering  the  tremendous  financial  interests  for  which 
they  are  responsible.  Whatever  individual  difference  of  opinion 
on  this  subject  there  may  be  among  the  managers  of  the  great 
industrial  establishments,  there  is  not  any  difference  of  opinion 
in  the  country  at  large ;  and  public  opinion  has  to  be  con- 
sulted. Therefore,  would  it  not  be  safer  and  better  for  the 
interests  of  the  shareholders  to  adopt  the  policy  of  freedom 
which  I  have  outlined,  and  thus  placate  the  public  ?  For  the 
growing  public  anxiety,  amounting  to  animosity  and  suspicion, 
against  our  big  corporations  would  be  allayed  if  it  were  appa- 
rent that  the  technical  officials  of  the  small  concern  had  at  least 
the  right  of  knowing  what  the  big  concern  was  doing,  and  the 
big  official  did  not  arrogate  to  himself  the  possession  of  exclu- 
sive knowledge  and  exclusive  skill.  From  the  point  of  view  of 
public  policy,  the  question  is  one  well  worthy  of  consideration ; 
for  it  is  coming  about  that  not  only  railroads,  as  public  high- 
ways, but  all  large  corporations  utilizing  the  country's  natural 
products  and  converting  them  into  necessary  objects  of  trade, 
will  pass  under  closer  legislative  scrutiny  and  public  criticism 
in  the  future  than  they  have  in  the  past — a  necessary  limita- 
tion, which  will  become  more  exacting  the  larger  the  corpora- 
tions grow — if  the  tendency  to  growth  continues. 

While  unquestionably  dangers  can  be  foreseen  as  arising 
out  of  these  great  industrial  aggregations — not  only  of  capital 
but  of  industrial  energy — dangers  technical,  social  and  politi- 
cal— there  are  also  great  possibilities  of  good.  One  of  the  bene- 
fits may  justly  be  claimed  to  reside  in  the  large  funds  that  are 
thus  rendered  available  for  technical  research,  from  which  the 
public  derives  benefit  indirectly,  even  if  the  results  are  not 
published.  But  if  we  could  banish  secrecy;  if  every  indus- 
trial establishment  of  any  magnitude,  which  is  in  its  own  in- 
terest carrying  on  technical  research,  should  encourage  its 
technical  staft'  to  confer  freely  with  the  members  of  every  other 
technical  staft*,  would  not  the  sciences  and  arts  progress  far 
more  rapidly  than  if  one  huge  organization  controlled  a  given 
industry  ?  All  our  principal  metallurgical  and  chemical  con- 
cerns have  laboratories,  and  carry  on  investigations  and  make 
experiments,  generally  on  a  large  working  scale ;  and  surely 
the  advancement  of  technological  science  can  be  better  attained 
in  a  number  of  such  laboratories  than  if  there  were  fewer  or 
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in  only  one.  There  is  keener  competition  of  wits  when  many 
brains  are  working  independently.  The  friction  of  honest 
rivalry  is  a  force  not  to  be  despised.  The  stimulus  of  ambition 
is  sure  to  be  stronger  in  smaller  than  in  large  consolidated 
workshops.  The  air  in  such  laboratories  is  freer  and  purer 
than  when  men  are  working  in  the  stifling  atmosphere  of  secrecy. 
I  believe  that  such  a  consolidation  of  mind  and  high  impulses 
would  carry  us  further  and  faster  along  the  road  of  human 
progress  than  all  the  money  that  all  the  trusts  could  appropriate 
for  the  advancement  of  technical  knowledge. 
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Rules 


Incorpor'd 
1900 


MANUPACTURBD  BY 


TROY,   N.    Y- 


W.  &  L.  E.  GURLEY,  'Ts.  a. 

Catalogues  on   Request. 
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PROFESSIONAL  CARDS 

AUSTEN,  DR.  PETER  T.,F.c.  8., 
Consulting  Chnmitt, 

RoMdymfl  Mecta  in  Proeom.     Invnmiic 
•adlD^ttngPtaccM.    InvRmac  QMKty  and 
YieUqf  PtoduclB.  T«(mg.BdR«imlin8oiiNew 
FVnrifiiw.  WcikmgoiitNhiittbclurintFcnBiilM. 
Udfauc  W«il»«iid  UnapnlU  SubMu».  Solt- 
ednt  and  C3uf7iag  Water.    R«dudnfl  NhniiiK. 

89  PInn  8trMt,— NEW  YORK. 

CARPENTER,  F.  R.  Ph.  o.,  F.G.8.A. 

Arthur  Howe-Carpenter.  Met.  Eng. 
Mining  and  Metallurgical  Engineers, 

Cable  Addre»:"Carpeiiler*' 
Equitable  Bidg.             DENVER,  COLO. 

BEATTY,  A.  CHESTER 

71  Bioadway. 

NEW  YORK,  N.  Y. 

Cid>leA<Uim: 

Granttlc. 

DEMMING,  HENRr  C. 

Mining  Engineer, 

Geologiat,  Mineralogift  and  Chemiit. 
Ol&cet  and  Laboratory. 

15-17  North  Third  St. 

NARRI8BURG,  PA.,  U.8.A. 

BOBGS,  WM.  R.,  Jr. 

C«eW.B.A.DiiigwaU.M.E. 

MATEHUAU,  8.  L.  P. 
MEXICO. 
Manager  in  Maioma  for 
W.  B.  A.  DingwaU. 

DICKSON,  ARCHIBALD  A.  C, 

M.  A.  I.  M.  B.,  M.  M.  G.  I.  I..  A.  I.  M.  M. 

ConiuhingMining,  Electricaland  Mechanical 
Engineer,  Geologise  and  Mine  Manager. 
Examination  and  Report  on  Properties 

Advict  at  tc  ike  most  ec»mcmicai  method*  ^ 
work  in  India  and  the  Eettt,  etc. 

€/o  HeiTT  B.  Eiig  k  Co..  C/«  liig.  ImilUi  ft  Ci^ 

65  CoRNHiLL,            Bankers  &  Agents, 
London,  E.  C,                  Calcutta. 

England.                             India. 

BRADLEY,  FRED.  W. 

Hiiiiiiifl  cnflinwry 
161 1  Franklin  Street. 

8AN  FRANCI8C0. 

Cable  addrew  *'  BimH"  San  FranciKo. 
0>dr:  Bedford -McNeill. 

EVANS,  C.  W. 

Civil  aid  Mlaiiif  Eiflaeer, 

Comer  Main  &  Water  Sts. 
ASHLAND. 

OREGON,  U.  S.  A 

BREWER,  WM.  M. 

Consulting  Mining  Engineer 

P.  0.  Box  701, 

VICTORIA,  B.  C. 

Connected  with  the 

Tyee  Copper  Company,  Ltd. 

FORBES,  DONALD  G. 

MIflliig  EaglnMr, 
Bo«do(TndeBaildins^ 

VICTORIA, 
BRITISH  COLUMBIA. 

(14) 


Advertisements. 


PROFESSIONAL  CARDS 


FOWLER,  SAMUEL  S. 
Mining  Engineer  and  Metallurgltt, 

NELSON, 
BRITISH  COLUMBIA. 


HODGE,  BENJAMIN, 

Mining  Engineer, 
SpecUlt]r — ^Zinc   Mining. 

PUTTEYILLE,  WIS. 


HAGGEN,  EDWARD  A. 

Mining  Engineer, 


REYEL8T0KE, 
BRITISH  COLUMBIA. 


HUNT,  ROBERT  W.,  &  CO. 
ENGINEERS, 

Bnrean  Inspection,  Testa 

and  Consultation. 

Chemical  AnalyMs,  Physical  Tests, 
Inspection  and  Reports. 


Mine  Management, 
Examinations  and  Reports. 


1121  The  Rookery, 


CHICA60. 


66  Broadway.  New  York. 

Monongahela  Bank  Bailding,  Pittaburg. 

31  Norfolk  Houae.  London. 


HAMMOND,  JOHN  HAYS, 

Coneulting  Engineer, 

71  Broadway,  NEW  YORK. 

Code:  B0dfdrd'Meif§iff. 


JENNINGS,  E.  P. 

Coneulting  Mining  Engineer, 

No.  loi  Mercantile  Biocl<, 

SALT  LAKE  CITY,  UTAH. 


HANKS,  ABBOT  A. 

(Succcessor  to  Hbnry  G.  Hanks) 
EsubUshed  i866. 

Chemlet  and  Asoayer, 

Gives  Special  Attention  to  the  Analyses 
of  Ores,  Minerals,  Mineral  Waters. 
Control  and  Umpire  Assays,  and  Super- 
vision of  Sampling  at  Smelters. 

^  WuUigtra  Bt     San  Franoieoo,  Cal. 


HILL,  F.  A. 

Consulting  Engineer, 

609  Mutual  Life  Building, 

SEAHLE,  WASHINGTON. 

Coal  Mining  and  Reports  on  Coal  Prop- 
erties a  specialty. 


Kempton,  0.  W.  &  P.  B.  McCoy, 
Mining  Englneere, 

29  Broadway, 

NEW  YORK. 


Mining^ 
Milling^ 
Exploration, 


Gable  Address :  **M€teUm,»  Kew  Torh, 
Code:  WtUirm  |7is<o». 


KERR,  MARK  B. 

Coneulting  Engineer, 
TONOPAH,  NEVADA. 

Thb  Montana  Tonopah  Mining  Co. 
Th8  West  End  Con.  "         " 

Thb  Goldfikld  Souvbnir      "         ** 
Thb  Mono  Lakb  R'wy  &  Lumbbr  Co. 
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UMONT,  EUGENE  M. 

CMSRltiRg  Mining  EnginMr, 

568  Clarkson  Street, 

DENVER,  COLO. 

Oenercd  Manager  Mines  and  MiU  of 
Ohio  OUy,  Colo. 

SEAMON,  W.  H. 

Chemltt  and  Astayer, 

CHINUAHUA. 

Engmeen  will  find  at  their  terrice  die 
only  completely  equipped  laboratory  and 
technical  libraiy  in  die  Republic. 

LOWE,  W.  B. 

Mining  Englnntr, 

Rooms  1316  ud  1517, 

42    Broadway, 

NEW  YORK  CITY. 

SHAW,  RICHARD  C. 

Mining  Engineer  and  Metallirgist, 

General  Manager, 
Montezuma  Mine,  Inc., 

MONTEZUMA, 

^^^TARICA,C.A. 

Cable  Address: 

' '  Shaw  "  Montenmui,  Goeta  Rica. 
Code :  Bedfbrd-McNeUl. 

MAYNARD,  GEO.  W. 

Mining  and  Metallurgical  Engineer, 
20  Naisau  Sbeet. 

NEW  YORK,  N.  Y. 

Code:  Bedford- McNeill. 
Cable  Addien-  MeUllurgy. 
TelepkoDe:  1957  John. 

SMITH  &  LAIRD, 

/FRANKLIN  W.  SMITHY 
\GRORGB  A.  LAIRD         J 

ConeultIng  Mining  Engineere, 

BI8BEE,  ARIZONA. 

Bedford  McNeill  Code 
Cable  Address  '•  DaUsmirth  ** 

WM.  B.  PHILLIPS, 

Mining', 
Metallurgy^ 
Chemical  Engineering^ 

209  Hood  Building, 

BIRMINOHAM,  ALABAMA. 

SPALDING,  E.  P., 

Mining  engineer. 

Manager  Monarch  Mining  Co.,  Ltd. 
Ezaminationt  and  Reports. 

Code:Bedford.McNem. 

MURRAY,  IDAHO. 

RICHARDS,  ROBERT  H., 

Ore  Dressing, 

BOSTON, 

MASS. 

SPILSBURY,  E.  GYBBON, 

GonBOltlng.  CItU.  Wnliig 
and  Metallurgical  Bnglneer, 

45  Broadway,                NEW  YORK. 
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Foster  Superheaters 

Save  107o  to  20%  of  Coal 
Eliminate  Condensation  Losses 
Insure  uniform  superheat  at 

specified  temperatures 

POWER  SPECIALTY  COMPANY 

111  BROADWAY,  NEW  YORK  CITY 

PROFESSIONAL  CARDS 


TODD,  ROBT.  BLAKE, 

Mines  and  Mining* 

lo6  Hall  Street, 

60LDFIELD,  NEY. 

Also  Oaltf&mia  Anay  Office. 


WALLER  &  RENAUD, 
ContuKIng  Chemitto, 

AnuJsuwtion,  Cyanide.  Chlorinatioa,  MiDiiifl, 
Coooenlfttlion  and  Sndliiic  TeM,  Fuel  TeM, 
Feed-Waler  Tvealracnt.  Expat  Tottmony  in 
Court  and  Patent  Caiei.  FiaiBmatiena  and  Re- 
ports. Owmirtry  and  Anay  Laboratoriet. 

139  Front  Street, 

NEW  YORK. 


WALLACE,  H.  VINCENT, 

CoBMltlng  Mining  Engineer, 

p.  O.  Box  144, 

N06ALE8,  ARIZ. 

Codes:  Bedftnl-MoNelll, 
Angio-Amerloan. 


YEATMAN,  POPE, 

Mining  Engineer, 

71  Broadway,  NEW  YORK. 

Cable  Address  "Ikona/* 


INDISPENSABLE 

to  all  men  in  the  Engineering  and  allied  professions  is  The  Com- 
plete Alphabetical  and  Analytical 

INDEX 

of  the  Tranaaethna  of  the  Institute,  Vols.  I.-XXXV.  inclusive. 

For  a  full  statement  concerning  this  Index  see  the  September 
BulMin,  and  page  V.  of  this  issue.  The  Index  is  about  the  size 
of  the  average  volume  of  the  Transactions,  and  is  bound  in  cloth 
and  in  half  morocco. 

The  price  of  the  cloth-bound  copy  is  $5,  expressage  prepaid. 
Half  morocco  binding  costs  $x  extra. 

It  is  very  desirable  that  all  who  wish  to  purchase  this  Index 
will  notify  the  Secretary's  office  promptly,  sending  a  check,  money- 
order  or  draft,  made  payable  to  the  American  Institute  of  Mining 
Engineers. 
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General  Electric  Qmpany 

Electric  Mine  Locomotives 

The  use  of  mine  locomotives  does  away  with 
mule  haulage  and  in  a  low  coal  seam  an 
electric  locomotive  is  particularly  advantage- 
ous    because    of    its    small     overall     height. 


The  General  Electric  Company's  twenty-six- 
ton  four-motor  tandem  electric  mine  locomo- 
tive is  designed  for  express  and  heavy  haulage 
on  light  rails  and  short  curves.  The  two 
halves  are  electrically  and  mechanically 
coupled  and  can  be  coupled  and  uncoupled 
in  three  minutes  and  operated  as  one  locomo- 
tive or  as  separate  machines.  All  brakes 
equalize  from  one  stand  in  tandem  operation. 
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PRINCIPAL  OFFICE:  SCHENECTADY,  N.  Y. 

NEW  YORK  OFFICE:  44  Broad  Street. 

SALrHS   OFFICB8   IK    ALrLr   LrARGK   CIXIK9. 
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® 

BLUE  ENAMELED  PIN 


GOLD  CROSS  HAMMERS 


SEAL  FOB 


T^HE  AMERICAN  INSTITUTE  OP 
^  MINING  ENGINEERS  has 
adopted  no  official  badge,  the  posses- 
sion of  which  is  proof  of  membership. 
Numerous  designs,  however,  have  been 
executed  for  temporary  use,  and  of  these 
the  three  here  shown  have  proved  so 
convenient  and  attractive  that  many 
members  continue  to  wear  them  as  per- 
sonal ornaments.  To  this  there  is  no 
objection ;  and  these  badges  will  be  sent 
postpaid  to  Members  and  Associates  on 
the  receipt  of  the  price  by  New  York 
check,  or  Postal  Money  Order,  in  favor 
of  the  Secretary,  as  follows : 

Blue  Enameled  Button,  silver,  $0.75 ;  gold,  92.60  ; 
White  Enameled  Button  for  officers,  gold,  92.60 ; 
Cross- Hammers,  gold,  |2.75  ;  Seal  Watch-Fob,  sil- 
ver-gilt,  12.60  ;  silver,  $4.00 ;  gold,  |12  to  |20. 


To  Engineers,  Metallurgists,  Chemists,  and  Allied  Professional  Men: 

You  will  notice  an  increase  in  the  number  of  professional 
cards  published  in  this  number  of  the  Ri- Monthly  Bulletin.  It 
is  our  intention  to  have  each  number  of  this  publication  con- 
tain eventually  a  directory  of  the  engineering  profession,  in- 
cluding metallurgists,  chemists,  geologists,  etc. 

Cards  in  any  publication  seldom  yield  direct  business,  but 
they  are  needed  to  let  your  friends  know  where  you  are  and 
to  set  forth  your  specialty.  Your  name  in  such  a  list  is  not 
only  a  help  to  yourself  but  a  duty  to  the  profession.  The 
cost  is  nominal — $\^.qo  for  one-tenth  page  in  six  issues  of 
the  Bulletin,  extending  over  a  year. 

What  better  place  for  this  directory  than  in  the  pages  of 
our  Bulletin  ? 

Let  us  have  your  card  for  the  next  number. 
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THE  TEMPLE-INGERSOLL 


it 


ELECTRIC-AIR" 
ROCK  DRILL 


Electric-Air  Drill  in  the  Mine  of  the  Memphis  &  Idaho  Springs  Gold 
Mining  &  Milling  Company,  Idaho  Springs,  Colo. 

The  ELECTRIC-AIR  Drill  is  an  air  drill  driven  by  electric 
power  and  as  such  is  free  from  all  the  objectionable  features  of  the 
"electric"  4rill. 

Every  ELECTRIC-AIR  Drill  is  sold  under  a  contract  enuiling 
no  obligation  whatever  upon  the  purchaser  and  allowing  him  a 
thirty-day  trial  to  prove  the  merits  of  the  machine. 

Every  ELECTRIC-AIR  DriU  is  guaranteed  to  do  the  same 
work  as  a  standard  air  drill,  with  a  saving  of  one  half  the  power. 

ELECTRIC-AIR  Drills  have  gone  into  most  of  the  mining 
countries  of  the  wdrld  under  this  contract  and  guarantee.  Every 
one  was  accepted  within  the  trial  period — most  of  them  in  the  first 
five  or  ten  days. 

Repair  costs  on  the  ELECTRIC-AIR  Drill  have  been  found 
to  be  very  small — never  any  greater,  and  in  many  cases  less,  than 
on  the  standard  air  drill, 


Catalog  20— English 


Form  S-20-A— Spanish 


INGERSOLL-RAND  GO. 


CbicaKO  Philadelphia 

Cleveland  Birmingham 

Butte  Houghton 

Denver  Iios  Angeles 


11  Broadway 

New  York 

San  Franolsoo 


St.  Louis  £1  Paso 

Pittsburg  Boston 

Salt  Lake  BeatUe 

Montreal  Mexico 
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COMPLBTE  INSTALLATIONS  OF 

Portable  Railway  Equipments 

All  Steel  and  Wood  Cars 

OF  ANY  DESCRIPTION 

PORTABLE  TRACK.   SWITCHES,   TURNTABLES, 
PROQS,  WHEELS  AND  AXLES,  SPARE  PARTS,  ETC. 

Wltire  FOK  CATAUM  Nm.  10 


Wwfcstfl 


ARTHUR  K0PPE|,COMPANY 


66-68  BROAD  STREET,  NEW  YORK 
1639  MONADNOCK  BLOCK,  CHICAGO 
MACHESNEY  BLDG.,  PITTSBURG 
615  MARKET  ST.,  SAN  FRANCISCO 
53  OUVER  STREET,  BOSTON 


r«tADe 


TISCO 


MARK. 


HIGHEST  GRADE 

MANGANESE,  NICKEL, 
CHROME  and  CARBON 
STEEL  CASTINGS    -    - 

STRONG  -  TOUGH  -  HARD 

LET  US  BID  ON  YOUR  REQUIREMENTS 

Taylor  Iron  and  Steel  Company 

HIGH  BRIDQE.  NEW  JERSEY. 

SOLE  MANUFACTURERS  IN  AMERICA  UNDER  THE  HAOFIELD  SYSTEM  AND  PATENTS. 


THE  BEST  IS  THE  CHEAPEST 
IN  THE  END. 


I 


When  ROBINS  BELT  CONVEYORS,  for  handling  ore,  crushed 
rock,  all  substances  in  bulk,  are  once  installed  at  mines,  mills,  concen- 
trators and  smelters,  the  reduction  in  the  cost  of  operation  is  apparent, 
if  you  consider 

THEIR  POINTS  OF  SUPERIORITY: 

^  No  complicated  parts  to  adjust  and  clean. 

*j  The  conveying  and  running  systems  act  independently. 

1[  The  quality  of  belting  withstands  hardest  usage. 

*]  Its  tensile  strength  is  reinforced  by  rubber  covering. 

*|  Trougbing  naturally  increases  its  capacity. 

*i  Materials*carried  never  come  in  contact  with  pulleys. 

*|  Idlers  simply  constructed  but  very  powerful. 

*^  No  joints,  bolts  or  nuts  to  wear  out  and  break. 

*^  Internal  lubrication  prevents  dirt  accumulation. 

*j  Shut-down  are  unknown  with  proper  attention. 

*j  Friction  only  exists  where  load  is  received. 

*    Power  lower  proportionately  to  work  done. 

Write  for  Illustrated  Bulletin  No.  15  describing  mafiy  large  Mining  ^m 
Plants  using  our  machinery  successfully  and  the  methods  for  saving  e^-       ^ 
pense.     Send  us  the  details  of  your  problem,  and  we  will  gladly  forward 
designs  and  estimates. 

ROBINS  CONVEYING  BELT  COMPANY, 

18-19  Park  Row,  New  York. 

Jitillway  Ejechatiae,  C/iicatjo,  53  State  Street,  BoHcn, 
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